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Foreword 



TpD dinltngt [■=■ r agrE uE|if rt aver Ihr cntTinng dccnde? >^ill be >:■ iriecl Ih? iiHorkl's hucrEcis- 
ing d^ijinnd for Ebod m □ sustninnb t way Declrnt^ soil frrlElrty and rnanronngtrTi^nl ej' 
pkin^ nvlrtenti hn^^^ mode \hs 4axk m[?rt dpfFiruEj In Ihcnr 3030 Vciati dcuwSEnn pciperh 
Jn^tpnjfrd Nuiperi^ Mn JTOg EfT^errf Jaif ^^w-Fi|i|y, cind SeiiIdi nnbi'^ ^rculhjit CtrTenf ^u^ 
crnp f^^re Chnfieng^ I f^fer Gruhn, f mnEiescQ Caottjin u^wtl A^n qkig ue Yudcl man pojnl ovi 
Ihcil □£ bng as ogrtcullurt rc^r^aifK c u?iE-bcisvKJ induc^iyi mEHf^r incrTKicc^ in pmaucrrvi^ djc 
unlikely 4d br cfiDinrKJ wiIIkpuI rnsunng ^pnl pbn4s Ihovc cin ddrqun^ and bakincciJ ^upp1^ 
of nuFncn[3 Th^V cci^^ Far EDn InlcgicFccT I lulpenl Mcpngcmenl cippniaEh ii> Ihe nnQnogc- 
iTMin^ dp planl nL>|rlep4B fur ma^kining cpd tinhn pcing ^=i|l. whei? balh nnhins] ancT itki|t- 
iTKidt sout^es cT olanl nu^r^nfi am ucod Tpe key rDnnpancnh of Ppi^ cppniciQh oic 
fle!:Er|bed Fbe nples end F^pDnsibiliFteseF ve rm u^ ecti r^ hncF^ir^ {dirnErsend mslilu [mi n^i 
die ddinraledi en^ reco nn rri^nQn In ps tow hp-|pii='Vmg 11^^ piEU nng^pnenl eF ptini nL^lmnb 
and coil tiihiily ere piesenled 

TI^d ganesl? ^^ ^na paper was e kiilnh In^rnaFhiinal Food Fchlby KEsearcli I psIilut/FDad 
and AgrEullur? Orgenr^aiion ciE ^he Urprfcd ttalciis ^arkshop en "Fkinl FlLrlnenl 
A^enagemenii FeecF Sec u^ifvi end ^usbhnable Agr^ulluF? The Fuluie Id ?D2Q^ held in 
Vitflrbep \ki}f, \r\ tWS M bjoughl (ogr^her CAeertfs |iem vcirKiiuE tfekli end in^iuiun? includ- 
ing Fcriilacr industry gnpuptii ut^ne^sff^Sn ni=i^[?<vJTTnicrL4a| e iganon Icinii end gev^mntcrL- 
til egmc»^ k? examine Ihe cantrpb l^Fhii ns Ferlilaers ench elfiermuniES ol pksnt noPnenb een 
met^ k> the Fc?od security o^ develappng cauntn^ jFic worhihep^s mem cane lusio n^ and 
icca p^mende |k7 n? e Fe jcpe Hed in IhpeAppendn 



fwiw Phn^lT^p-A^de 
DliecbrGBncaal 



Ac fen o wf e dg me n ts 



Th^ pnp-crhcK bni?FflEct g^eally from Ihc d ccuxxurir ca ncl LEK^n^i nLpd rEc^^^nrmrndnfrons Ihcl ccmte 
Dul ^?l Jpt |PPKI/FA0 vrorkshcpp mcnlcoed in iFir brcLs^jrd, ns wr|( as hDm |he helpful cdnrntriK 
□ nd Euggeshc n^ ■=■! F^r P^nslru^-AndrnEn^ Bert Janssen^ Enc ^rnclhngi pTciL^r Fh3 nd^a-Lo r^ht, Da^td 
tlygoardn A^ytpr Kndi^lbh, cind Cnstg Drury Psi\ rrrnQining cmir^cmd arTmho^ia0rt |h^ icspchii- 
x|b|]riy or Pn? ajPnora Th? culhnr? ^ui^|d a to like to Fhovrk Lisa Cr^D^er t^r her cihEicJbtnt vrtiiFd prs- 
Ecssing end Udn*^ Mohcin Tor Helping ^ Puirr our cqIKbcIivc^ aui^porBd cind hedgrct pio^t hqlo □ 
fvodaLj ie hnal flac uiiMin^ 



T. Introduction 



(Idi^ agilcuHwrt piwcdc h>T ^h^ ticid needs d| □ 
warU pcpuks^n piaf=i_t=d h? clixjJ 7 S billbn by 
Iha j^xir 7Q3G9 Copctftt 4s gn^wipg Fhul il moy pol 
JlicFE □!? iTiiJ lEdixinE Ikial |}ir highly prupduclfv^ 
fcriplaErand serd tcclipubgiec InlFEKducBd o^kt Ipe 
pnsi IhrET decades m^'F Q? rrKaching □ poin' ^^^f 
d inrin tshnng fc4urm 4fri=^ui£ 1??3 , Cci^mDn rl al 
1V9S Fllnn amJ [>e Da[^ ]9^^) Piocpects tr 
E^pcimfiT^ b^F-ccKi irr^nlKhnr fine cpf ^he lirrving 
{□t^^ bcTi^TxJ ynkd increoG^. ere uao bencirnHFig 
ijici^n; prrn'i^d (Eose^rnnl and Svcnds^n I??3 
Rj^B-lianl 1997, Carnrlher^r Fbs^nnnl. and ^ecLicr 
1997^1 CH arc fna prrj-Epecb For ocnvniing marginal 
ipFids hn4n piadiJclT^e ornb^ tind {B[>rt.mci n cl nl 
1 99[3 H C roDD n and Anderson 19V2} FurlhernioFt, 
nc-v technology such ck gepetrcnLly engineeied, 
/ivkd-qiiL rcosi^ pkintarc HetI ^^ pelted b be mopr 
{□cbr? in huDd p lacf ue^jzi ii Inc^ei^ses Iji c^evekspnng 
Ezuhu n^Tt=i dunng Phe rtn| \^*o deond^ {Kcnnll 1?9S| 
F^rtgn ^hiJ^h. and CcKimnn ]9?^} Consequen]|yi 
^HWFng pcice wilh popk^Ln^Dn gf^T^lfr and incieiira- 
fng kind :;cciFC|l|f ■fry\t be mci^ dhlFrLull Phcp m Ike 
receni pi3sl 

C^^ncenis ate OF^gmwir^obouF iV\c long-lerm 
suspQ |TKibri|h|v or cigrc ullvra Bo4h t[v^ DV^r- ehih 
UTKibnitp p ItdlKii n i=^i ferhluerciiid Ibe pi^or tpcuxqc- 
rrien^ ■=■{ r^Kiiumes hcrve domngect Ike erpj iFonmen' 
Ifi devekiiped CQun^nesi kjf ennrnpti oveinpalko- 
1^n cf HFiDigsrEt apd orgnpt |e|i^3aer has led b 
env liD nFTLenk] I coTTfornnncilKii n i=^E — a>=^ supple and 
SDiti IConnoy opd f^ekff 19?1 , Bumb and Bncinant 
199£, \iftC |9S9f In devebping oounlrieii Kcir^h 
ch'nKifE CO fkJ^Iio iTB I pop u lain n pressur^i land 



constrom^i and |he flee line oF Prodr|i3iKi| soil rrinn- 
ogemenh proQ^c^ Ixive onen leduced soil Ie4-lil|ly 
(^tiDp^ogel Qf^d ^imllng 1?90, Tondon ]99G, 
Hencio and Baa nap |e 1999| Bumb apd Boanopfe 
1996) Becau^ ognct^llu^e c a 4?li-iKi9ed ^ndiisfrv 
ihai ej^iods nkrlrpe^^fcE hani ih^ sa^Pi eflec|ive apd 
eFfEtenl appFvaehes b ^;ki^Ying Pinal qemo^aP apd 
rePujTTipg nulmpls ^o \he sodP wM be reciun^ed ip 
Qider Pd rrialplanT and npcrease ciap praducfnTtv 
□nd sustiin o^rEulhjFe far Phe ^vtq ^irp 

jFie overall :;4raleg^ for ^pr^ea^pg ciop y^lds 
□nd susfciinipg Pke^n ai a b^h k»e] mv^ me|udeap 
mPegfaPed ap^r^acb pD Ike rriapagenreni a F soil 
pulncnhi alapg F<ilh olher co mplcTTHenti ry vrneas- 
ui^ An hpl^rabd appiaoch locagnpz^ iFiaC sails 
are ilie slarchotfse oF rriasl of ihe plani nuPpepts 
esacnhul For plunP growlh and ihal iFie wav ip i^bkch 
PL/tr»enb aie managed will ha^e a majsr inrpizcl ap 
pbnl giawth,s=ii| feiiill^i apd ognculluFal nr^Tfann- 
abihty frarrrieni a^scaic4perSr iFtsJFlifl^ns i apd gov- 
ernmenl all hcuve ap 4n>pai-k]pi F?le |o phu^ np sus- 
kiif^ifiig ctgrE ullu ra I produclpvilf 

Tq beMer underrkiTKr Ihe piocecc^ al vrorjc ip 
ie4:i|TT|Tig sniF Feiiilrlyi PFre pent clHup^' drcLU^Tceis Phe 
lolc of pulr^pl^M cjeaihng op enabling envirap- 
rrianl For plonb ki ^raw Chapler 3 reviews some 
currenl l^ues hi pk^nl puinenh use C kopier 4 
e^avnHpes Ihe dsc^llne JFT soil feiiiliiy, parict^larly ip 
^wb-5ahatan ^Fricon where piessur^son agrpiul- 
lu^e are parl^^ukirFy severe Chapler S dr^cu^Tces 
rriany aF Pke chalbng^ oikF posshhle leipofKes Pd 
Ihe decline in soil ferPirply al Ihe (arm bvePi ^alh par- 
licutir icfeicnce lo Ihe mb Ihcul aq hrLrcgralad 



In \ka poptr pbitil Dupreab rvferta a|l fypn arsulrrflfai whc Ihe r orgun pc or maipnc tkcrf combfne ft^Ih energy Finnn 
l^e xun k: Ft^^h i» pbnl gm^lk Tnc ^^nid 'FBriilucr" i^JI ucual^ leler k? chemtalor i*organc Feffplcer ui Iccc il n 
ejhpkqlFy i:|ja|ilh=d villi Ihe cxdfcclnw '>Dip3nc ^ ThervForei pbn| JvuTrEnb Bcljiit Ijii^ or^rc and moi^Dsc trlilne^ 



□ pprcinch ki Ihe misnog^men^ af ptini nulrlcnt 
nan ptiy in ntci inhs in ing and enhancing ?ail fcHtli- 
4v The suirti chapter traL^ ai l]if cc ninb u4k> r& Ihal 
msfrivt^iu can rrxikB ti ansUia IhnI Dgnculkirc will 
fBinci in SLKkimabt. Tfxi kul cKuptr pfE^nh aitine 
fvfa m mencTolhn m ^r Imp raying ihe manage- 
menl ai pkinl nuhncnb end ^d letliJi^ tr\ ibe ^ccais 



clifad ScVcnul nf hhesc FECOR^Fv^c-ndain ns ar^ 

bci^=d an a pin| In fcrnn^Kinal FriiaiJ Pblicy H^iBiErch 
Fn^'lvlE FriiDd and AgrculhuiE OignnizcihEin oi \hc 
Uni^tfJ ^Inicm^ Workshap hoU in 1^9^ (Cruhn, 
&Dblli.and Pay l9?Bf T\m Wnrlchap'a mak^ can- 
clbsinn:: and iccQ mmandaFhii n^ aiE iEpcirt»l ir> ^b? 
AppendiiM- 



2. PlantNufrlenfs and Soil Fertility 



Essenliol Nulrienls 

Ptini giuwlh IS Ihr r^uM of n ncMnplen p^uce^ 

whembv |hc pkinl ^n|h^iL^ oqI^i tincrgyL mi Don 
dhitiitfJrH WEihiri apd n>-i4r»enls FrDm ^h^ so\\ Fp cIIj 
brtwQEn ?1 Qrid ^^ ctmcnb □■« nrc^ssury (or 
plnnFgnihwMi The pnniory nuimnls |ui plnnl gicwlh 
□tc nrtiiigen^ phcipFlQ rus I cind potissHJin ^Lnown 
EoitrlT^Bh ■=■= NfK) When ifuulfpcnnt, \h=x pn- 
fTidJ-y pulpcnb cfe ijicis^ m He n FEspumib t [nr l|in- 
^H^g ciop QmHli MrlTTJ^onn Ihe j^iosf Hitensivelf 
usod rlcmenli \z crfaikiblr in vhiiually 4jn|iniiled 
qunni^hES in ilie almccp^rere and \s conhnuaVy 
iccyctd diniiif^ pupb, soil^ vrci^i and cie Hov^oerH 
ff E ciFkiii uncrva ifnbfe pp IhecDriecl FDrrp iQr pFiipper 

□ bsorplpon ond sypihEss kj^ Ihc pkipV 

In EiddiFhun Id ihr pnmnry nvlnenbi Icoc In^rp- 
xKrrEy mccC sccdhi^Icipy riu'renF^ j^ulfur^ cntnuirEi 

□ nd nKign^|up-|p nr^ necesaiiiY de ^rcll ^ number 
of micjT] n k^hKirfs such de chtrppsj iidh, mcifi- 
«in^Kij zinc I iiT>pperi banihn cind mohf bdent'PI cilsu 
TllQinni=e pkinl gnD^Mlh Thc^e p-|4^P=^ nu I ncokc ^FE 



lECfiirred pn smell □'naunf^ ^rcnglr^g 4rom □ ^w 
gmnis la □ Few hundjcd grnms per hectiref kir )he 
pre per funcbon ing oF p b nh metibcilEm Thdi ahaiilLjIe 
CE rela^rve ubse-ncB al a^vf of i^icse nUinenb can 
hnmpar ptin^ gnu^H^h nbEfTrotrj^h bo h^h a ^nn- 
cenlmliQn can be ^Ji. b iha ptini or ti humnrs 

Soil Characteristics 

The cnpocHy uf soib Id be pF^duclnHe <iepends cp 
pncre than |us^ pkifii riulnenis The physiQiil bv- 

bgEfili apd clEeFTTkCQl cbn niti lerclE:^ cif □ serf — tir 
eAQiTiple lis r>ignnf mnitr oop^nl ochdriyh t^luiei 
dcplhi npd >^ci4fl r-niirn ^D p ccipac^^ — nil influepEiv 
Eeiiilily Eeccpuse ilcese ciHrib u fes diFfer c phet rig coibi 
SDhl^ dff^r nn ^hel r ci^jd I ily "jcirne ^oilt becousc □! 
iheu" IcAluFe Of flepih^ br cnnpnpbi die inhereFrHv 
ppodu^lrve becDLSc ^hey nan ::4Drecipd mcke nvcill- 
□ b^ Infge fiTnQunh] op waler nnd pulrhents I0 
phupfs r Ba^ 11 CcnveFscIyi c^her «>pIs hcnve s^ich 
pcDr ntrlrteni cipd Dpganhc maFlEr canlcnl the I 4hev 
die ^LfluaLlv Lfi^e^-hb 



Bex1 



Soil Quality Affccis Agricultural Productivity 



A sail's pofcuiEih tir pmcljEmg cniipi n l_u|_ph/ cttr- 
rn^-=d by f4e e«vbi-ibbe«I ihnl llrt^oil pmi^idei bricial 
grs^lfa Imh need nin hvcik^ nuirca^ cuid cub^ab 
EfKEf l» >Hicb b ctvtbp ^il [itfjnbj tcL| luch he Ihc 
capci:^ ^ stirE v-otq CEdlt^ ctplfi and ctji^rty ctbr- 
BiHiiE bo^ ^^cll lEofc ctvtbp CbongcL Id IhcEt tuil 
[iHnbuki d-jEcflf oifEcHhe hEallk cMhs pbrti For 
EJDBipt EuL rirttrty. a rriEcnurr nt IFk cconpoclnEt? 
of a soil af^h z^nuburoJ ppzcLtch^ ^hcn iht buft 
■ztmity alsdnl IncrEnstc kia cnlEol 4c-e| tl bcciTncT 



[nchrE diFfcull far mob b penElro^ iha xdiIi ^herEbr^ 
impeding nml gnr-f lb WHe* bi^lk ctDS^^ ha AOEOiEd 
be;iciDd IhEfidonl b-^li ha sad herDrrFSS us iJEnst frijJ 
niKiit nzBHsF ptnElmt IbtT^silcind niraFgns-^h c prr- 
'EBlEd Ficdvy binn Mz^^irfnl. trEum^n, ci»d Iht \aaz 
oF S0|1 Dipiirc rTHsltr cam ieiiid b mcrecsEX \r bu|i. 
ctcsUy Thtic f bmpa m suA nfjoift^ crftcS Ibe Leiilh 
apd irr^kdvcIrE^ d Flit pbaL and can kckJ b Iottei 
ydcfa and or hhgbErciisli ai prDnb^tisB 



3 



The y^y EK?ik arr marKigpd cap irppfo^c or 
[legiTKi? rtr^ notuml q unli^ cf sd ik M Errinf^agrme n J 
him fed Fd hh^ clegjodcMizhn of miUnn:: qF cicrec op 
land phFough cnnshcriH cu iji poc hon i sa IbFrpzafn n ■ 
□Ehd iftcc Md n , df^d pallL>|iDn by hcnv^ me4ab Tpr 
pfnc^sr: u( loer^ing scil ilegicidn |k3 n ^ eA9t1^s^'? 
□t^ ttrrte consurri ipg {Bum 2f i scm^ barf i|y degrod- 
rd suhk rnEny no^ be reccyefoble Dn 4be c^her 
hand I good rriQ nage men I can lifriil phy^^Q] bsi- 
Ds, Cndcid rnin FIEHQCfTien^ Hnc^udec ufe of cciyc4~ 
Eiaps and 7i>i| ^c pseFvcplKPn maastfF^i oddr^op oF 
organrc mciltcr to \U^ sa\l, ond |ud»ck]u-s ^rce cp 
cherTicfil Feii|f<zer&i p^chleTi diKf turn nKtclilnery 

Drgnnic mnlter cc n teni \s impurlani Far ^fi^ 
pnsper monctgcinenl cpf «]|l trlilrly Organ t mnl|er 
HP sell helpj-E ptanb giow hy impifHing vfci ki r- hn td- 
ing capDEih^ nnd d re? ug h l-fCEtsK] nee Morec^er. 
or^cinE fTKiHar pcrrprls beMer aercilpiipi cnbonces 
dhc □bscrp^DP ci4-kJ reiecne oF nulneph cind niak^ 
43-|e Toll Ic^L. susceplmle ^o |edchii~ig and eicsnn 
Icce^kbcn and rAeelu IVV-L, Reifnl^c^ Hnve^ rid 
□ltd W[]4en-Baycf 1?Pa). 

Plant Needs 

f'bints neoiL a gNen qixinh^ apd mbt o^ nirhrunt 
ia FtaurLsh Tha hlghar ihe yicU i hha grecber ^he 
fiLilriep4 req Urironvenl A shor^cige cf one cir more 
fiU^riBpix can Inhibit or xhupl ptint ^TfiyH^h Bui 
elrcBSE nUin^pf^j a^pscctry ^hose provided hv 



LPDFgcin*^ Eeiillrzer^, cap be v^asleFuIn cudhi Qpd| 
hp ^Dme ipsk^FKesi parmFui Id I he en^ hpii r>mcnl. 
Effective or\d eFTKicFif n^n pngepn^Ti J dF |h? sopf 
siu relia use b^ Ihe ^rFTcr ra |3i4JE essephnl "(cr 
nnahn NiLhn I pg vs\\ Feriilrfy end svtridlTinng p^h 
^lehd? Tu ocbievE Tieal^py Qnih^h and aplln^pl 
^^kiF laveh, pulre^nb piLisi be c^cntpble pui anV 'H 
^he ccrrscl quanlMy npd prnporiKiPi bul in □ 
uscble kirnt cind □! Ihe r»gh^ Mme Fur Ih? kirrTieri 
en eccpofTiE nphrrium moy diKci From □ pliysEal 
cpMmurrii dcpnpd^ng cip ^pe added co^i of Inp^^lr 
end \U^ faluE uF benel^fs dnmcd ErQm pnv 
mcreDscd CLrlpvf 



Nufrienl Cycle 



Sail puiriDT^i nvn|iab4l»4y chupgn over i|TTte Tbe 
cc Fi^iftvQus lEcyclipg i^t pu|ne4il= mjo npd oul of 
^hr ^:? |l E ^ pow n cu |4w nL>| ncpi cycle 4NeC l9?3f 
TheEvcle hpyu}^ ^ cc pn p lex b iak>g|c[3l □ nd chcmiH 
EC I intemciian^r some of -tIikp nr^ iiqI /el fu)|v 
upderskicd A Timplilhed vc^-siop of jhis ^c|e uf 
pFnpl gF?^1}i| iKKed an SiriQlipg n??3) i js spowp 
■FT ^Qure 1 Tpc simplilhed rvcle h^i^ h^n pnHs 
"jnpuis' Ihcl add oIcipI PLrlpepIs Id me soil cind 
"Duipmh^ IIiqI export IIkpi hcpn |he cail kiigely in 
Ipe hnri cpf [igilcuHupii I pradurb ln~tpci F^anl |npu^ 
soid^nc Lftclude ipcrgaprc ferhli^cni crgapfc fer- 
IllKLer^HJch as rrinpufei ptipi leskiFuesi □ndcD^rer 
erops nilTdgen gcncjalrd by leg um in up us picinhi 



Box 2 



Reclaiming Acidic and Saline Soils 



l^to romETTOTi FeakjrcT n'cbgniiitd bnd nvecicEk cud 
salmc loib Ekii^ bsci^mc cEHzh. ik?'-t pH) llircugn |he 
l=iiching a\ hosH \^ peTdtalnng ^^nltT Over hmt. 
□pplkmlEin dF iThxh drTiPDn ci-bzLcd Ftrfihcn f^iII aLo 
ti'wr pH Lant 'roin bvi4ifaEie cind ckLtm^, a Fje- 
cpjtFrlly npplrd b vdbc scpiI pH ly irnp'i^Htg fie can- 
didciD^ For ptphJ grviv^lti Nm'ng incrccBC^ «uirvE>k 
ic<TOqci| and tnhnncE ojgunc mcltr dccorripia ilcn 
CcBimrFBEi^ opplcnbiPD of Imnc ci»d bcAimcEd vuhrvBl 
icfitn bipci C Eunjalff iwccaiiny ki ensjre carrlwied 
isng-terrri sod Ftifili^ 



EhoUna salt Ih^k soLibb j^l^ conhnl^i xccFic savh 
I^^Fi Todpjm contnlf^ xnlL*t-50^kc VD\k i\\^\\ vd^- 
blr xaLi h^t lodi/m), and h^^-Fime lahls are aM 
lypex oF altijiifl#e to^ DpniKi^ and wrlTh= n1 opplso- 
ic^n CITE uxunlF^ suFfceDl hii Enilgnle hhc eftc^ aF 
h^li-rprriE xonk 5ci1ine^ :;odiC| ond xntmc-fodE noi^^ 
can uniatf h^ recLii[n«l o^er furp= ihnxrgb ieimhlDf] 
[jD'f mdhI psmobplily ci»d kii^ □mendmenl 
r^cpJ rreinc n ti ir^akE aodic xoil reclomnlHiPB □ xbh^ 
□nd c Kp= ii7|\e pFoccEC 



^tVH tjeb^9 Eo^aFiba-MfnlETUTnln fl=DCl?7? 



Figure 1 — The plani nulnenf balance Eyslefn 
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□ pd dlTTHDsp Itcft n^lm^f p d^pc^ilian NLrlriEnFs 

□ r? rnpoHed liurri ^Fie Firld IliJuugFi harvcflc-d 
EiEiipE and c\up 4CEri>-i^. as wril de ilipz^u^h tcch- 
ipgi cilmDsp h^rK vc Iciii loa In rL^ und cnpsnn 

The diffcrenoe hrlwren live vcirume or inpoFs 
13 pd ctflputs c[>psli|u4cs Ihc ni^lriEfil itdtapc? 
f\]-»lrvc n>-i4r»enl bclcin^cE hfi tha soih kKcuirfTiq 
Hrhcf^ nulnrnl f>dd|hnn^ ^ ^^ ^^^1 Qfe gieatr }\\an 
4he nulne^ib rcpnErvtHJ hafn ihr cqi|| cduU hndfnlc 
llncil larmmg ^stms cr? ineirtctapi cinHh hh tp? 
EAJrcrpci ihal Ihey moy 4>e pciluling Ihe cpv'PiMinvBrLl. 



t Icgalf^f batiniies qcuU '^*c\\ iTxJEnic fpat m^HtcLr^ 
being mined end \ha\ Fbrniing ^sl=iTts ni? unsuc- 
hniiKibile Dv^r Ihe king ferm In hhe ksHer inskipiiei 
nulrtenh hcrve hii br leplenched 4d mcinhnin ogrp- 
cullvn^l OLrlpui artti s>il fciiilih^ inki ihe (irhjie Tpe 
LncApensrve ^vpp]^ cf n^'lJ'^pb ^ ^hc ^FFi dI hpcir- 
gcnc Icrl^mir? 4Ba> 3} ftcs ci liC^ FpcPorH dbv^ ''Hn 
hmpii3v« rTX>d?rp :;eed >cirHtl>es cind odequnlc 
supplies qF wn|?r, ^n ^^ subsfcinFral incrEosc ip 
^tehJs Ihdl e^emplir^=d 4he Careen l^efa|u4tQTT cE fpe 
1?6G£and 1970s 



■ok 3 

Mtlrogenous Fertilizer Produclion 



■l 1h? b=giBf«hp r^ In? Qlifr crnkjr^ noLnJ njppfET 
□F niFniQtn iir-En [3J[nc4phePT d= pii^ihhii«i bhologh^al 
AvjuIpdii i^ Ic^mlnchrt pkintr and OF^imc mnnurT-G 
^cr? i»[3ilciifucit Far flie«1r*g ogiKTi^ikj ml te^cb 
icEuhiB^ fniinn pcrpijbhhon pn»ui? ^ ptnhFul- nicA- 
jKHr^ KJuniE of sijiz^n^ji Ftrhkzar hod fa [Ect'^l- 
upcd Frfk 1~kibcr >i=& mt Fin1 b dr-r kif] a tcckniipj? 
kw hk? 9v»'bc^ ppciduc^n of DEnircmEi, furwhch bf 
^i-c* Ihe T?|^ rrc^cJ Pre? In chtrndiy DcEcdniin 
I'tilicr'^ tfitficpje, Kcir^ locih b^itir^hir^ I label prce 
hH In nr^ uF 1 ?3l ^ i^t^ctrpcd II|e pnixljQfpoii pfljcee^ ^crf 



■hiujU male annnnanca piccurlcn cconornhzally vciDft 
Wili hhc d=v?l:hpQ~r?n I at cfnhrrfi/^sl ccMnp'Eun [^, iha 
ubt aF nnhjniil [j-^ ciwd napiphn o^ ptnlAjl apd Incn- 
peDXT-^ 4redik3cL^ ko^proL-^ncTii in eonnoinc^ af 
Tunlcj and crhcr ice line t^Enl ^uanccx, ihr cczl i^F 
□nunaDEi pvEicLclhiia til ifccxfiF^ ^mw^ IJ!e S^TOO per 
tan in 1940 b Ui t» pf fen in 1972 llpDC IVT^h 
Aking >iOi hfiE iikvc LiipvM n I ciF du ^ritn l-itcfionrrFV 
n~ioi:tni randK^, am man Ea-bKZ&iE nrtpoi^n ani^l iiilh^r 
me-prn-STL^ i+orEforihi ^lid^En pmi^citd iha ha^a tr 
ihrdceii p^^^^bioi 



3t Some Issues in Plant Nutrient Use ctnd Soil Fertility 



Slowing Yield Growth 



Slowdown in Investment 



Despite llie runtinuvd ocvbpii p mc n^ <>■ new ar\a 
MTipiE^VEid mcidtini fcn^NES cind gFcahir use nf 
chrrn^EDl fciiilETmi /bU gn>w1h bogd^i ^o ski^ nn 
ifir Idljer port of Ppr SQIh cen^uiy The vfcHd'c 
Dnjiucil ce^ccil yf |d gnpy^^ mle has dcclhned f^Din 
on avriuageoF 2 2 peicrni \n ^he 1?7I3e hii ] 1 per- 
nnl hp ifiE ]?VOs (Tatic 1] ^hecil yhcld^ itt Asc 

BF^T^ o^ qn QV-eFOOtt cinnLJE]] nD^ f>| ^ 3 percenh 

dunng Ihr 1?705 Qui duj>ng 1^?D-Iflff7, wh«il- 
ytekds dropped \o }pc fni sti wer g rowlFi n^lr o|0 7 
pcpienl per V^cir AFIer n^pD gmiik^h mlornmst 2 -1 
peiceni per ycci r cEufing |he 19SI3ei Aspan rue yteU 
gi^T-ih hit h] 15 perceni oer yccir ip Ppo ]9VDe 
This glubnl s|d ^-duvv p hcs h^ilbJ cun^orriE Ihc^ 
yield gao^^lh pi^iy kave ^cached □ pViPcnu cr 
begup b decline |n mapy a| |he -w^r^'s mcsl Ecr- 
||lc nrccis |n Su b-SaliEiJcin AFfiecii Ihe siluniBn ^ 
BVEI1 moFC cFpn p-|ci Mr I wh|h cereal y4ekJ grcp^Fi 
decreciSFng ^eodiFy Fram 1 V peice^ni during Ihe 
IVTOi Id& 7 pemenl ip Ihe ]9?0s These dec Nnes 
Tp ^u b-5a Fiq Id n i^mcEi cire pncily □Hnbuhnble h? 
pc-Qf soil iTinpngerrienK >fhhch in liirp h^s been 
occenlunled b^ a nurriber af airier tick>rs incFLd- 
hf^g |iKi p p rci p r£i le pcipE^i Insufr^^^enh oo pn m'tme nh 
b ifrfeshrrenl ^n QgrtL u^hjFcil i^sccuchi fcilling ngri- 
culfurnl pncesi demog rci p h*^ pressuies bipd av-cihl- 
Dthl4y cd ps| icihiitsi npd iH-ii^lined prop-cj-f^ r^tils 
The c UTTitf ki^r^e eHocI o^cilt Ihece rniib^s Fins |ed k? 
ttvcfTKiEied zai\ pn^ning Tpe FeTnairidEr of llischap- 
|e4~ h^pfl eidTnirie :;oTT^e dF Ihe^e Fa^lDrs ns Ihey 
ppph Ihe wcrU uwr The rient chciphi^ H^l^t fdcus 
spec JcaLlv CI] ^ ut-5cahci FESTT AIteci 



During ihe 1?7ns, ^Qverpmenls ci4nd Intergovcrri- 
rricnhnl o rganiui Mon^i gave hnveslpnenl In □gi-cul- 
hiia] r^scciich ci ielii|rve]y Ti^h ofponly In AsKin br 
eihciFnplei real chpcndilure on public agrirullvacpl 
receaich and deve to p pnenl giew a^ an avennBP 
annual inle ai 3 7 jserceni During Ibe 1?9n^i 
hupv'^c^eri real E^pendifutTt g FEPi.k^ih nn Ash3 sti^^ed h? 
A 2 per^enl per year Spend^g |ti Sut-5cibaFan 
Africa slo^^ed even further^ f^ar^ 2 S pefcenl per 
^ear during |he 1?7Cls b O B p-niceni dunrg 4he 
l9BDs Fn^ developed cuupln^, ifr^e^lmenl gra^h 
slawecF as well Tpzhrri 2 7 {veFcenl per year hn Ihe 
1V7as ka 1 7 peniBn^ In Ihe 1?BDs (Al&kin F^^ey, 
and 5mi|h l^^Vfip WilFiuu^ iiop|inued hnve9ln~LeFTl m 
resecLicFi k> ofope[ |he develuprricnl cF ylefd- 
enhapcing lechnalagles and suchsinable agrzul- 
lural mat^qgemep I pn^clMzesj ciap ypeJd gia^h 
cau|d evepluaJh ^1agpa|e apd sa|| FeflHily cau|d 
degrade hn inecovenD ble Fevet 

Ingeslmenh |n new irr^ahpiip inFpiJ^liucluje hjos 
a bo declined Fiom lis peak during ihe ti4e 1970= 
arxJeor^ IVGDs BoFb irverage anp loI p ubic e^pen- 
dilui^ cpd onpL^ol lending anid cissls^anEie fo* irrp- 
ga^HJn syslfliTis (ropn ipierpaliQnal de^elopn^eFih 
agepc^ hcnve la|ien F-iumenzhus fcn^k^rs Ini^e eioii- 
iTibulecT ^o 1he leduclion in hrr^ohnn infeslmenli 
including ihe poor oerFoinnance aF son^e pash 
mveslmenis fevfer kiw-cost irngaiian sites \tsw 
palenlfol deveb pmenlp incieased real capital cas|s 
Far ca rrslrucficiii a( pevF hirtgali^n spshiniSrand envi- 
rorppnenkil concemc such as Ihe spread oFsalinBa- 
ban fRoseqianl and Pingall 1V?4- Ffosegranl and 



Table 1 — AnniKiJ cereal c rep yield growth rafeft, 1970^ -]990e 
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fHUriit Covvputd bv int aulncL uin^ daki kvm FAO iPK 



S^EFH^cFi 1?73} In Su b -Salidfofi AJrico , kck o\ 
■■■icikirq n Bcrnihuc r^slrE^j^n <» v^?IL CtnTrn^^ cnly 
4 pcTCEn^ oF culfwTitcd kmcJ in 5ut-5ahi=imn A^^^^^i 
i5 3 mhllnn IrcLLir^s] s irr^otedrCil hvpcfi 70 pnc^nh 
E |n A^ada^ascin r. N^crpii, and ^L^cn JrsuTfch=nt 
wofcr rEfardt nuimni crvcii b b ilfty and plnnF growlh 
Al^botj^h Ip^ polcnPtal CAEb ki bnng air nddilnnal 
?0 ^^lllH:^^ hEchnrc^cr kiJid under hiTQahan in Strp- 
ScshdFEan A|ncTi| Icchpccilr FinancHnl and mcraeco- 
miTiE cc nslni hn Is nnvc ^luvved hpis npcinsLap 
fflpih ^^93,y^nM Bank TVGVf 

Oe^Hiiq com rpcid ily pnccE during Hir TVGCk^ 
1300 rcduEEcl go^Ernme nti I and nn l^rguvcrp rncri- 
bl incoplivcE ki mak? ag nc u IIlm-e-ic ki hid invesl- 
inenls PncEG fur ccFfce and cccca d4fring live 
1?^TO-92 pcrtod Tell k> 39 priconl □( Ihclr nc^minaL 
pdcB pn 1?6D-B2 ^irriliarLyi Hir pnceEof -IecqI, 
nvnoEiand nc? hn | ??0 -97 dcchned k>6D,£lHiind 
50 pcFucni o( Ihe prv=^> Jcspccfvcly. hp 1Vffl}-S2 
bECD 1??3] Incddrtton ]a jcduchpg nn^eslmcnt 
inccnlrvESi doclifiing prKEC reduced FcLrp-iE*^' 
incupiE^r oflen fcrcing Ipem h:i niine sr?ili nraie 
inlensrvely If cnzhp yields are la increase apd r^ 
ogrcuNLhre rs tci be suskii noble over hhc bng Icrnn, 
a renewed ca ni irirl pncnl tn D^nc4jltup3l re^ecM^p 
ond hnfnuslTUEhj re w\M be pEc^nory 



NiflrJent Overapplication and 
Environmental Contominolion 



Conce4~n h^s obo gnjwp rp Fecej-|i years ^hal Ipe 
use of Feii|]aeni pc r^»ctr|arl^ nnciFgarirr ferhlEzersn 
mn haod Id ^cpa ue env ini n rpen kil cansequenc^ 
EiKiro nnvenhn I oc n [ami nolra n of ibrs lypei howev- 
er r^ |o4-gelf o pniblem hn Ihe developed world 
and a Ic-^ Tcgponi af ipe cleveiaping warfd As fep- 
hlriera ma he up a sniiall shaie of jhe ki1al pp^duc- 
|Ton Qosfs rin mony de^elaped cauplncs farmeFS 
aften apply ferl|Jizer m eKcecs af recammended 
leveb in aider ^o encore btgk yp=kJs O^remppl^p— 
^pan oF inaFgoniE ond aigapla feriilrzers » es|i- 
PHEilea ia Heivc boocled nLrlrtenI Qopcc^ly in 1lpe ooi] 
by abaui S^QOD khla^fons a| minigeni j DO Lhla- 
gp3p-|s of ph^spha rtfSi and 1 |GQO hikigjcif^s ap 
palas^l^m per hEc|qre of omblc |ani=l hi f up:?ae 
apd Mo|ili A^erici3 during IHd pasi 3D /edfs 
FWarki Bonk |99&) ^ucK <>venupply af Fivlr^nh^ 
cori lead hii errv hro nnrepkil ca n hn pnin^ t|on i '^nth 
aftcn bias negotrve cci nseq uepaes Far hupn^ns and 
animob O^enitp p Isolia n a| ndni-geni for eiompl=i 
allows ike nvtncnl b be Qoirvcd owcrf nn greund- 
^roTer ani=l ^ caqhipninate surTaee >fa|er qiid 



B 



Uhf^DrgroUnd ^cgLrrfcn IngczaJpon al nflrcib can be 
4a^^ ha humnn^ and nniFnub hyher> it ts Irnns- 
fcirTT^c^J ■^I'tihn ^hf bod^ ^nhii nphr'^i whch affK^ 
ih^ c vVgan-uirr^ Ing dbllvty at icd blaad calEs 
Ei^Ktond^ nka aUggasla ^bnl nHrphn and Iha znr- 
cnogcnc EompaUnd^ H iiar> cr^a^a nvx^ aba Icdxd 
4a ganbr^ hirfeb dc^cf bj bccirF dtseasci and stani- 
ach, Ikcf; and ea^phziQ^E cnncBrs ^an-rtony ancL 

Leaching and run -of} cf suKpltjs n^Uogor^ avid 
pbospEraria in^ rrnar^ kibe^r and intb can coLisc 

«u I m p b ir^hai nn ci l±ss occ urr^uki'po n at nUiri- 

«nt in h^a^r Ihai pro mates hbe cyDrpfadUE'ian oF 
algae E^ce^s sUrince algae deprhe iindervhiD K=f 
fAints af 34ir>l^bl vvbt^b nn 'Urn atJer^ ^be aqbahrc 
4nnd c^eMc TSe dccc mpo^^hiaTi a\ dend citgae hv 
liQEtena redifCH 4be amaUnl of aiygcn \n Ibe 
■FVinter crv apb b it b r fall 



^Jrbogan aba escope^ in^ Ihe a^ma^phcfE 'n 
tl^ fnim al nrtro^n gcE and vaniiiz: ni^\E qiuiIex 
Fn fhie uppcT ahmaspbere ndtro^js aK Hilai reacl hn 
^rm nerd rorrii wbicb cxiii barm crop^i acidff^ snil 
□ nd vrtukPi and dunm^e pra;>^rt^ CumulniNe appL- 
cnf^n a4 dcd rf} ing □ mmiiniii-bii^sd fErhTErer^, tig=tli- 
eTWiKiaciJ rnnn, cibii ccnhnbLrb t aihJ DChditEotiLn 

EvElence e rriaunlhng Ibnl euceasre ferbFan- 
Ikin can damage 4lie eit^ in>nTnenl. In ibc Unltd 
hhngdomr japviB 1 A m Jlciin pEQpl= geh viin^r Wilb 
niiiafE Ffh^ob tbai ecceed guHztebnes ai~rd Dansb, 
DiJthj and Gierman caashsl regcr^ z-ha ly s^ns af 
ti4ilraf3hha3hKL n {BacluTran d at 1?^0) FurthKFmaiE 
U^OA fU ^ DeparlfTienI af AgrcuJhUre) esbmo^cs 
Iba^ agTE4jh|^i^ ca Lracs nea'F^ h^a-lhmds at iba pai- 
iuipan in U ^ rNai^ and ^bah TunafF Tram avceas 
pFan4 nvtncnt applicaihiin cai^cas closa la AO par-. 
caF^Faflba paLJutran in bks ^NRC 1?^1) 



4i Soil FerfiJify Problems: Focus on Sub-Sahctran Africa 



'^h^ 'h^ Dvcra p p^tc |va n i=^t mcrgank and crgnn- 
pc ~[ErhEiz?FS hcH led |u cfrf lie n m^n ^ I eid nhn m ifKi- 
lKiin m a nu mbfl r ot oFEcs in Ihr devekspEd ftdrkd^ 
Lf^suff re #=nl cippltcaliQ n cip nt^fricnt^ ar\a poow so\l 
rnnnagciTMinh, citng — ih k^r^h c|imahc ec pd ftPD n^ 
DFiH c^hcr FoEkhra^ hovB EDnlrPD u4ed k? ijte dcgnih- 
Ebu Imf^ c r XDik L11 Si>b-^nntan AlrfcD 

Climof ic Condrtrons and 
Soil Mfljiflgemenl 

Hcirah ctlmnf^ nonddcns non^rlbu^ ki soil crssinn 
m s^f ml pcrb of ^ub - Bcil^aFan AFrco PapHd Wohcr 
r»J3poiciE»an and inodcqLxr'a and highly ya rouble 
lEiinkiU, iaw 4nsh=inca, dap^ivf iikinb of \ha walep 
i\ac^axirf far grawlh Hqh otma^piif r^c hempen] - 
lUrHn s^Fong Irgh^i and bunt- FclBnli^e i ?and} ^aila 
can cambrnc My maks I be bcaE drvhronmcnl }aa 
hai far praper plaf^j gn^hyih nz^vrfErFu^i dry vs^ind 
^usb jva^ aha dan^o^^ ptif^t ^braLigb balh laiJg- 
mg hvbpch cjJkJ^=s plunts b ^11 aver and dtt bc^re 
har^E^J} ond capanstuitn ^l_awsiin cif^d Lr^akunujr 
199 If lb^=kberi lbe:;e barah ebmalLE fiMtir^ cou- 
pled wilb paarsoJ JTranagcfnctit, ba^e reduced azir^ 
t^-Krlily fa^ Lonlrlbdiing \n xahl and hyalcr erasun 
U^Jnl b lnacl=ffaiE an^sziin xbwh^ strips 4be tand af 
thesDilr af^anc muHeri and nUlr^nt neceaanry ktr 
pFan^ gn^h^lb The degnjdalian hncfcases ^be 
apportUmk^ faf dmugb^ []i~rd Jurfeber erasjon 
b0ea4Qt ih leduQ^ Ibe wdkir- infiltrDlhii n af^d wa^r- 
hatl^ng capacitv oMbe jorl fCjEi^EL n l9G£| EksJare 
Diospar^ wnciy crecpbc guilds ^Kcr' rn^arfBrE ■^rf}i farm 
macklTiery ie^ Jk may ubo IbimE to iba on rr^er^hii n 
of tind ki bypEr-va r^jB Lrau ar ib tcnponsry ar f^er- 
mane^i obaniJonmenl OfF-Fafm crasian can tad 
^ ilShnlun in V^diorsheds and u decline m Win^r 
Efkla^Eh' r^bcrr and Vadav 1??£) In ^lich an an^a- 



nzhnrncniH cffEKhve sa\t, -w^i^cr, pcH, and ciap ntan- 
agcTVHinl becDmcG obso^trlr^ ess=nifil Su^ biq- 
nuPTnpc and ohber p^Escu r^s oh^n rnQ^ lI diFfctill khr 
raimarr and IhcLf {an^ilbs ti rFfctenlkf ma page fne 
sail br k>r^-|DrFri pia Fr^bilify tifIh s lsIh |na diIiIv, 

Property Rights, Land 
ConslraintSj and Demographic 
Pressures on Soil Fertility 

Irsec^rE and crumb bng tenure a ria nge-n^c-nb alsB 
canhrib4fb la cFecJinIng sail lerblih Cc m n^uruihl 
r^bt fa grcTC bnd ■pviFbauf an^ cFTaii \o FnoEuriizf 
bng-lerm rEhUrrts bat td ti :;crhiiLis c ve r^iazhng i 
wbkb □ rapoiied ti be Hie main rou^ of huniari- 
induced ctegnjdaEnn hn Afj-^a [^aj J) IIL-dcFrned 
properly rigbb ancE insecure JanuFB r^hh have 
alsc FcdUcccL Ihe hncfn^Ne Far Farmers h> under- 
lake 5-:diI ^erhllily-EnbancIng in'^esfmenb Srcuf^ 
lenUre a r range nient cai~i beFp induce dnv^rimenF 
in fxiA^ PerFJlify ki Feap tb« long-term levpdrd of 
suskilned higb CTop ynkt and grecrler pn^fili Ln 
I JigaTn ^r ciornple, ^=ciJie tind for gnsWing rmlbF 
account Fer ^0 parcer^^ oF manured felds Tbese 
Ipclds receded on crvensge oF 30 7 Mlagrams per 
bechnre of monUrej wbile ^n^^curcd milC=l liekt 
lecen^^ onit 1B& kjlognzm^a per bee tire {HapLinE, 
Beriv. ond CsTubn 19?S) Sb^i recra p p ing may conn 
Urbute fa lanct clegfodaic^n as vh^iI In iSKarm Ibr 
e^arw^ptn shu recia p pen bcrve p u^ ene rvna us pres- 
sUiean aoA ferfJi^ \o Fealae Im medial b^b ^dd:: 
in anJoT io poy [arid renfc (Bennett T99~^J fupippCB 
in such sHuaUiins dccaurit ibe future ai ■jerv h^b 
n^fa^, ibereby lecturing \^*a inceniNn lor long-farm 
inv^^n-cnb in impis^od f>3\\ fe'hHy 

Demagnsphc piEasiJres and land aVa^Fai^ llily 
conslnn inb bave a^ia ca n I rrb uFe-d fa hbe dec Fine 'n 



70 



y^liT giovf^K and soil fcr^lify WrlFi iTicicost^ P'^'P- 

snil {ciiJi^i such DE sla::Jn-n pd-b UJTT ond kzipg-lcrm 
fnllawingr crc qui as fKisL4>|e ci^ Ihe-f uni=B ^^err 
TFie ttflrd fur 7U bs^s4fl ni=v prnduclpon cirid liKarric 
□t^ ^^fch lixil kiriH CI3T1 pD In^i^^r bt h^hcn uul cF 
prodLkc^nn for subslonhcit ptirKiids 4n ci^tiw for 
fini^icl nulncnl ic p len K^irrvfl n I t If]^ nf^ cinimci] 
fTidniJics dtid crmp fcekJucs UEualty »jff~»c^nh Tor 
fnptirifiig kpc^ TTuirfcnb In addilmr, ^lie p la miipinn 
of rkfpjl no nog re u lkuFi3 J dr ^rlupmrnl ha:; ific^Tcsad 
4h? dermDnd Fd^ cmp r^udv^ im o :;Qur^t qE fodder 
fiicFi and jovr nKZLh^fcls fur drfBonnl CKlpsiiT^H ihf rc- 
bv l|rnritT?9 4Fte|r c^-[]|kib|lily oe soh1 amcndmnnlE 

Olher iTTidiNDnnl mil I^HiFi^ mdnQgemenl 
|eclirTh:|vrs cibi> gencFually kill cTiurt of hh^ nulmnl 
nKiulFErntnh ml ^day 's in^cncrvr eg ncLhlhuFual pmc- 
|icE^ pur rjiQtnpIci in oidc^" Id pic vide 1 50 hg cF 
plani i^ulnenls ^o IeHiIezc une hec4aic cl lurxJi n 
(□■rner cEJukL cpplf crihcr 3D0 kg cl ipuigcink F iPt^ 
frrfilbari dt ^O Id ^S melrtc Ions c I ciop r^sidur 
gfQWT^ un^ k? 10 HaLkjr^scpf Qpd.or }Q mrhrlc h>ns 



cl dqirTinl T^unuiE gepeFciled Frnm crop f^stduc 
tqrawn UTT lO 4o 1^ hectir^s^f land ^ngr 19??|, 
LfrHibs^ nDnmF c iicurristi piles I ta rmera gepercliy da 
iidI hcTfe Ipe F^scumes h> pp^Juce euK e en^ c r^itpt 
Feiihliz^rs |u icpkice ci|l fpv n>-i4r»enb rFFpcvEd u\ 
hcFvesi Nme Jmleedi i| lias been e^imcled iFich 
wilFiD L/t iFie Impmved inpul bchpukpg^ d^ebpcd 
during Ihc ZGlp century, Ihe pbn^^ viouU feed r\n 
nnoie Ihun Z ^ bil|k>t^ aeoplci less IHehh hculf if^ 
pi^sen^ pupukshiin |9 uringli opd vcip Hccmsl ]?77] 

The Cumufcitive Effect of 
Negative Nutrient Bafances 

C umUtilrHt negafr^e oUlr^nl hntir^i^ f>=^hKrn fFie 
impcci of clrrr^ohc kicbmi ir^ioecLim henirre n'lcinge- 
men4s, and tind end ulemog n3 p Fi Ic pressure:^ an 
SEiiL Ferhl^ In t9?3 7 millk>n melrc kinaciF nHri>gen, 
p Fioap f^D f Lis, puktaslUmr magrresiumi and calcium 
wcEclepLated Fram aaib in |he Lii'^-inconie cavnlnea 
aF 6cpngindeshj Indanesui h^yur^mcr, Philippines, 
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Extcnl and Couses of Human-Induced Soil Degradalion 



^aib In nuny uw nines luftr from cbcSining ftrlil^ 
TlieHr pbvih=al and cftennccil chuctjEe cat cEtnaniAng 
and A« vft^ nufrebt kir ptini pnLvlfi oki sizr^F^ being 
ctfsFcfcd B^ iD-n-K eclwaFe:^ liie annual ukI aF envi- 
lanncntil dc^aJotcn m ^ome ozuntrp^ fon^s fmnr 
-4 b 1 7 edkehI of gran nafponal pnscijcl Tfine- 



to a^ Ibe cueacbgniiikd br^ iDCfipnipm^ c^rcuFkJniil 
pniEiiiesi D-.ergTEzyH^ and ctkHEiiiilpiin d in Ifie ct^^ 
aping ■^arid. Tfie hsbb^ beiaLJ 4jtbnt Ihechicni and 
fiu mnn - Acif ccd ai/ieE oF cfegicEkiFDn ■ Afrcu^ ^n. 
and SuirFfi Ainenca r^U, UNfl and UlJDf l^^^i 



bfa n |cpf Lu*rKi¥-iniiiJced nulnen l-T^lo^bd soil ntgruEiiilpj n In lelrckd FrgEii 
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fegnn DegrccfatM Degroifat 
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Thchldnd. and y4eh[]rTi IMulDri 1V?&f Fn ^i^b- 
ErdhnrnvT Alrcn n?^ cnpijar nulmni fleplelcn >>-ds 
r^ihrnolcd a^ ? Z kilogrnrris of nrlmg^n 3 S k\)i^- 
gt^FTis qF phasph^P-is, Qrid IS kilo^rEafn^oE pckis- 
xtuT^ per heckifF dunpQ IVBS-S'I ^-^^^rvogrt, 
Smelling I up^ Jdf^scen l??3f fslirrinlEC |n Sub- 
Sdhanin fnfrcu hnd^cite n n?l Inis of obou^ ^QO 
ki[[>gin4T^E uF n rf liigcn. 1DQ kitigm 171= cf pKasp po- 
rusj crnd -iSn khlogiarn^ ciF po^Dsuum arr ncck>r7 
nn DDcul 1 DO m^llron hrc^rc:^ cF culFivoted tind 
over Ihebd 30 yecrrlWoFU Bank IV^^h In oddi- 
Itn, rtctnl work by Henan cat«J flaannpie (IV^^] 
suggcEK iFicil pulriDFrl mif^ipg rnoy be ocEiclcinihrtg 
ii^ Ihc more dcnsrFf popukilcdp sarnK'J^H ond 
Sijdona -^hrlc n area ot Suij -5a f^oFEan AFraiOi nci 

13 nd 1 00 kibgicLms peJ~ bcctiFe pervc^r Abcul UA 
prFcrnF cE iipe CDUt^lr|EC ifp AFrtcr? kii^e more than 
30 klbgicms ■=■! Nfi^ per lie^tore prr y-eur {Honcio 
□nd Boancnte TVW^ 

TFir eurriulalivo rKcc^ aF y^ihrly ncgalf^r nulri- 
enl bnkincES oq EiE?p yfcftds [e dHch seen llirnL^h 
^hc hrrtpckc^ of soiF orosinn on produEfivitv Ifi IpD 
U II lied Shiif=i for rhomplei iF pjcsen^ anPEnii nsirs 
■zonNni^c nod in pub ore fiKinnged rEfDcliKcly, pro- 
duclwFly coukJ flecrEosr b^ S 4o S peiccnl o^rr i|ic 
fiEi^ iDO ^ecFE K lOESon 1?9^j Hogen ond [>ykc 
1 VHQtn THilh rc^h^^vKil vonaliQ'u jopglng he? PI 7 
■kj 'T 1 pricenl WbDA l9fl?) or 3 4o iD prir:rnj 
|r~ |-r^-^j-i P iiLrid Anderson 1??3] Modern M^^rnlsd 
fT^Q ncigcniEFi t ond conscnioliDn pio^l^rs could 
bwBr picpclEd rro3-E3 n-rckiled p mnd ijc^rv ilf k>sscs 
}o oboul 7 pejceni over fhte neii IOQ yaarr (U5D|A 
1?B?] Bui iFirs E o loigcFy in?^ n iFrcn nl rhKFease 
fvFien con^Elered o^ifis^ nnnijaF piad^jcirv ily gains 
4fi Rie U.5 nf oboLil 1 peiceTil per year fior^ T^ew 
tahnobgy anid impiiT-^rd mo ntogenranl {F^EC 19B?) 

In many por^a of iFie ilevekhphng ^rorfd v^Fiere 
poor "oaA concerfntton ofieJ mEn nagemenl rrielhods 
pfevoili Fioweven kng-trni pnpaucl^iFy e pnjjeil- 
cd ^ decline su b&kin ho |lv unless soil nKinngr meqi 
orn^^pce^ Lfnpio^e In AFnca (Dregne 1 ??0 1 Lxil 
1??1^ aoti Asc {Diegne 1??2) pad ero^k^n hos 
fepoTt=dFy Feduced uvenDge yields by IO k? 30 pep- 
cenl Dver Ihe pas] IOO yeara In especiaMy ficigite 
ateosi £iich Qs |rp EK?ijlFiEciskem TunctPi CFOEDn F^ios 



re<i4^ed |ong-lrrm p^oducllrrlv ^T inore llrcn ^0 
peicepl (D^^gne l^^OI iTe^wslon u\ Ins acit cor- 
linvvs unobaFed, Y^kJs rria> de^r^cisc by anolfier 
I0 S acmvnl in A^lEU Difd 1-4 S pD^cnf hn ^ub- 
^IpcLion AFr^a iiy ^020 {ScFierr a nd Yodav 1W6) 

DespFJe 4he cumulahve offecl of ncgolrve 
niftrienF bn lances, c7v-eFcil| y^ekls in Afrca Tiove 
hpcieased From 1960 hn ilie mhd-l??OE, wh^oF 
^relets rriDre ^hnp doubled F^^rn 7 |a 1 B mr^fK 
Kiins per liEch^iCi wliile frxioe y^kJs npce honn 1 
fci 1 7 nieFric to[vs ^FAO various yoorah Tngemer 
wijh iFie [irTiifrd ocFopFv^n ol t^ew Icchna kig ks^ Fpe 
nrcibriliFy oF IIie Sub- SoIkiiofi Afncn (nrfr^er Ixis 
teefi a rno|Br locbr hq Ihe nin p ro-fannen^ of f^Usi 
olbeil ai ihecQsl af so iF deg nsdaiion fre^^een 1?73 
ond |?SS . arabt and cmppcd tinid inLFeosed bu 
1-1 mnllicn Fverhn^esi faPEst and wood kind orea fell 
by'^O mlllnn hccFaresiOpd posFure kipd lemaipcd 
stibic Thus 2ii millujn hochnfes |iFie diffeiencc ip 
hiifal land use) Fiavc been tsj jo descrl iFica Fkii rp or 
obonduned TFie eFfcd af jeduccd ^o|l ferlilihi 
lennaim gepeially hidde^n [>eco^jsc farpneis abon- 
don II u Iricnf-dep^led k>nd Fd cteaf aifd FarPI 
uiicuFFivaFedn n^af^ppal [and Opce Ipe tind can- 
s^Toinl become bipd^rtgi pai^^ever, as hn Fite cnsi af 
iFie ^^asEH ptitoau regnn Yn Bh^rkino Fcbsoi y^|ds 
OFiH praducFKiiii cEocllneH iheaeby ata canFpbLrF^ng 
ki piGvolnii k? hifban aieos {"-^lek 1?? J| 

Declining Soil FerlilJIy 

TIhe effect oF deilinrng oo^ Fcrlnl^ an ynVd groi.kHFi 
aie porFic^lcurly vcpble in ATrcap wFieie l4ie masF 
serious Food TQcunly cFial|epge? eh|sF apd F^ 
ahead {Badhoneancl Da^octii 1??S Roscgianli 
Agi=oa |l i-Som b itkn^ opd F^jcz I99S^ The \ow }eve| 
or cli^rnical ferlhlizer tAfi docline hn soit oig-anpc 
moHer, and iRGuHK»enF aFlenFion ia ciop pulrteirF 
sludi^ canFribute iFie iri^^l Fo |be ki-croE U3il Fcrl'lHv 
m FFre legnn IV^mTreraa el a\ 1??d] 

[p CD^^aarEKhn ~k> Ihc lecf oE Ipe ^^rldi F^iihlr^er 
use hp ^u b-Eiahara ri AFfca c kiw and doclfn^ng ^n 
I??i^ H Sub-^apapnp AErica consunned cply 1 ^ 
iTT'lIci laps aF Eeii^Fneri Icqifryakinl ^ Q ? Mo- 
tqrunK iier hp=chiie oFansbit brd^ IF^uie ^ By corri- 
porfofi. global F^rFiJner use reocFied a p pto rrnnlElv 
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135 inrfliafl tens m 1996, eq^fcvafenl fc V7 7 hfc- 
^fonre pof Kecbrt <fAO 199B apd lP9P) Whit 
"trfihticr use per hcclciie hp cievrFoplT^ cuunlnrs 
conNnuBiE hii iricrcciEE al a imle cl 3 1 ptFnc4n1 psr 
yeardunng Ppc 1WDsi \^ ^ub-^hcpup AFfieci |i 
declined (Tablr 2) The pi^hll m coTK-umpllQ n hens 
been fnast cTrnmaFE \n WesI AlrtcQ cpd Ihc devel- 
oping Euunlnes n\ 5Qu4hflni A^tpcci Peiiirnei use 
wcpuki probnbh ^^ even ti-ier K Fore^n end ^ere 
f^ol crfDilabt ^Aoie than Kal| of Ihe n i^P^gc^ious . 
pfiDsphc^i and poki^h ferPji^er ^cnsunied in 
de^ekiplng Afr»ci3 \g hmpoiied in 4he hrrri ctnKJ 
In 1?9C]| 32 [>|4(] Su b-Sn hn m n Arncn coLmlrKS 
fecrEved ^3^ lhe|T ferlirner hmpcds iis nid (ptF^Tt- 
COW 1993} 

MqP inrport prke^ cunlnbut Id Ihr b^^ Icve] 
□f leiiplEieT kc9e In ^u b - Eia hQia p Africa High trf|ljr- 
«ir pricec nr^^^e Frcm small p pihc t^re men h orders 
Iteqder^ tr \cai lhar\ 5 £IOO irieFrc lunc are cuvn- 
t^icn) weak bciigahnipg pc^^ei npd hign hetghl 
□ pd I p^rmlKP hq] murLeling cu^h ^peciat mues 
ia^tired Inr Aprcnn p^ekIgi opd ulher mErmtivlTienl 
□ddrlion^i sue}] cc sulFur or bcnirTH PIEhv odd an 
□ddrtianaP U 5^35 per 1an or dbou^ ?□ penzepi 4q 
ilFe prK:e Kc?sler 1V?]) "^fiep ccupled yfith high 
iinffespu rInhKrn caskr doe ki peer hp|iQstT\Jcluiei ilie 



dcrri^^K prr^ oEcperTitcil lc4-piFizer cue ujch |ba^ 
ene kifognsni uf nilnigenDus feiiilaer can cesi ppe 
^piEu] ^frizQii Inm^er belvfceq £ cpcT 1 1 hhlo- 
g nsTTfs a I gn^nn , cnpnpaiecE w^^ ? kh 3 Likigmnis of 
gn^hp nn A^iQ Ifsherwoad I^VA, Heipev cipd 
Mwepgj 1??7] 

Mcsl AFrPccin lannflra ppuclpce Inw-mpuH qgri- 
culPuie ihnl depends on oign^ikc rrinfl^r \n Ihe snJ 
hn sua tun pp^duchon Eiail cjgapk p-Killer pFnys cip 
ifnporlan^ pciii ifi ectnblEhhpg Ihe HpblnGE pmper- 
P»eG of e SD|I^ ^^h^b make ptirrl gi^ypth pci^;vib|e 
Sail Drgap< nialic4~ he]ps suskihp scil leHnliiy hy 
ifnppitvli^ letplpcMI ul nnnperal pulr^phi Incionsing 
Ipe >Fe tr- kohdFpg capacitv nf suhIbi and mcrea^^ing 
Ipe arriut^pi ol soil Floia and Pcuno ^Vv'ciamerei aF 
T??4^ CcnMn^^QU^ cmpping and enjsHihn redijce 
Ipe Leveh u?«>i] or^cinc mailer Lx^w-hnpul syslcms 
cxifr iTTChplaiti at^d enhenoescll orgnplc niallflr 
ifiDugh ciap lahslnncpd np htjc lep p li^^ Ihe appli- 
es No n qF anhpn^F and gieen nKinufes, lalhiiwhpgi 
□ pd aeduceit liLkige (Kupnwenidn el el 1?9o] flt/| ac 
pleasure cmi kind apd ^pihp inlrnslTpcntDn hncreaoei 
Ipese oplaiis flo nel lemain piniclcal ~Tl-»e edop- 
Pron eF inteFu^^ppipg and ciap mhnlHihTT Se^pnpqLes 
rs cfPen conslia Ined by Fbe enihapl eF |apd cincE lech- 
ircrngt dvciilable eifd by ^he kick i=i^ kpav^lectge 
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13 
fable 2 — Annual gro^h rales in lerfilizer use per hectare^ 196(^b -1090s 
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□boLlI opritfnal mancigdne^^ lechnHigues Furmcis 
need hii tnaw haW h> ca mbine iiirg[]ri4c lerhPnEis 
Vvilh chemLCQl Ieiii1[zer3j ap p Ff hmp^rivBd pc^ cmd 
Weed maiuTgemEn t ^scKnlqucsH and ndaph Klgh- 
y»ekJi£Tg Efop ^□rlelicf ^KtrmWcnda el al TQ?A] 
LnsvffE^nF chi^sntran Jo cFFc^^r^e ciop nulnbiin and 
SEiil ^rfihK^ n~rOTK]gein=nl ^udh=s hcis aha made li 
difFiEulf k] unpnuvD yields in Africa^ even -^hen 
Imprcved germ plasm ^o^ been mcde ayailabFe 
Mor^ resea re h r CH pa nded ev^c nsHztn^ arMJ greisfer 
liileg nulion qF hnawlecLge fCLild prcvHde iarmera 
WMh a ^iionger i^Kenlr^e b Impia^^e y^aklsj main- 
kiin 9a iJ leiiilily, and sushn^n c^rculiurc 

Government Cammrtment to 
Agriculture and Structural 
Adjuslmetit 

AWKiugh agrEulhUre k inciecEing h^ recD^nned c^ 
Ihe ei^ine aF economic grovf^h in Su b - Eia Fia ra n 
Afrcdi Ihe tvel cf gavernm=n^ CQmmihmenh ki rt s 
kiW \ri tFre pad gavemnfecnit ahen hu^e penalized 
agriEullure ihraugb a yarety ol mecbanamsj 
includjng er pa rt c nd impc li Ihh^, ti re^n eidchci nge 
CDJiimtj crpoii licensing requij^menb and cqt^- 
jn>b, and b uiea uc nn ^e mcrkeiing baands Food 
subsidtes ba^e allnvved gi^yernmenb kii Kfep f[>i>d 
prices 3nvH, aFten hii appease vacal urban can- 
klihienlsi bul ai Ihe e^ipeiQe aF rUml pniducera 
fuch pclpcies and praciicES hui^e educed lDrn~rer:' 
Inrenlives ki inciease luca^ ktodgrohn pniduchan 
Eind USB En[>dDm npub k> impnivD pn>ducljviiy 



iTie kict aF campetrtiQn and Piecr^y gaifernmenf 
reg utntion , ailing witb slruchurol tiektrs sucb as 
inad=quat instrluFhii nal and physical in Ffq si rue hire 
and undende^elo ped recechr^h and e'dh^nsdn ^s- 
bmSri hoveaften mode feiiiE[zer dEJrlbuitan sv^fems 
inefFEcenI and ineFFecli^e ^n meelang farmej^^ 
needs CWarld Ban^ T9P3^ Lf le l9?iij BUinb apd 
ffaananle 1??^) 

SlfucFtmsl adjusfmenl pniignilms [SAPa) bave 
been hnslduted in many ccunhnes partly hn 
lespon^ k> 4bese end aiher nKirkeh failuiea SAl^ 
^leet kh reaJkicafe i^source use jn aider hn impraVc 
ecanamic efFfcfency end sqcpdI WelFare Among 
oilier Ibbngsj tbe pniigrams bcr^e devalued 
eichange nnlesi ihe imn~rediii t eFTeci al v^hsh has 
nuide ijnparb such as Feiiilcrers mar^ e>pensiv4tri 
■■hnhicli rill lurn bo^ aften increased Farmers' ca^ls 
nuirLadty t^ rlni^^n -ki - ma Ire prce n3lk» in 
Gbana^ Tanzania, and Zambo kir evamp t, were 
sUbshnnNall^ b^hsfdunng lire 1?9C?s, a^er ihe 
EiAr^ v^cre in^titv^ed, flicrn during ihe l9SDs, i^hen 
prEe canin>b and subsides v^ere in e4{ecl (Heine^ 
and Fvlvvangi TP?7f Tbe SAP^ and h4gher inpul 
prtcea canseq Uenil^ hove reduced ibe p ra Fib h illt^ 
ol Using lerFjhzer io increase Ibe pniiductiisn af 
loodg nn ms Far damcslic consumphnn frirmcrx 
growing ecporF cmpsj Iboughi bave benefited 
hain ihe reairuc hunng of currencies ond increased 
Ibeir feiidaer Use Buli gr^en hbe ^^asl acreage 
devolsd ki hsod cn>po compored hyrtJn fhe modesl 
area under ntport cn>psj ihe devaluation alcUrren- 
cj^ and ihe isdUcFEin ol Fcriilirer suisaidies on bal- 
ance bave mibkiied againsf increased applicatran 
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uf HFTiporlDd IniiiliEcrs Tle^c nd Ie^te uF Ihe type aF 
E^op p rod ucrd . nnd cJespilc 4he cqsI of Fciihlna^H 
^hjcr r^^Qkin appccLi la be krv in delrnriln'^ 
v^FlB^htir FciiTricr^ usvt FcHilrzcfT Fif^Ih "trtilECFi 
spDuU help hurmera okjhsin suffcienlh h^li y^kis 
^ecDt^dp fQrrriBfs :7hE?ukJ be n^cir ijicif^r loiii^nSri 
T^h^r^ [igr^ullumil in p ul d ^rib i/fcpj-? c re Vicnlcd in 
order \a bcf^eFfi frE>ni k>WBr prices lor inputs and 



higher fLTtcTS cind lower markeling co^l? hr ou^- 
ptrf? T4r|idr kirmErs slw uld becble b ^br^ cil test 
pari qF iheLi" ovipkrii «d iint the^ con IciVe odvcin- 
tige of h»g her c ul-cpf-SEdu? n prtc^ {Donavcin and 
Cnsef 1??a} When lliese Ihrve factors aFC In 
placei Fcirrnc4-3 ere more willing apd able lo u^fv 
Peiihirzer ki hnc^Eoce if^nome cpcF susFEum cdik T^ir 
fht ting fcrm 



5. Chaltenges and Responses at the Farmer's ievef 



The Need for Concerted Action 

tleclpnrng ?dII IcrEllity and mEnianagsmenl cF 
pldTii niJ4rk=ni:: ho'^c mcde Ihc hust al pra^^klnFiq 
^Ddd br ihe y^rtl^ papU^on in SO^Q and be^ard 
jTiQiE dr^f^ub The ncQcrlNe corrGeq iJCf^ES of etr^ i- 
n>nin=nliil damciQai land HDnxIrci Inli i popuLahuitn 
pr^^urE and hnstiluita na4 deficlennpcs kirv^ been 
rcintiixed hy o lirnvtEd u ndeistn nd ii^ ai 1^ biQ- 
JDg4cal fiiocEsses necEssnry fn aptimiEE nUirunJ 
ruling ^ manHFTTEZE usb a I dclernal tnpulsi ond 
mafrmiZE inpul ^jse Efficiency, parliEblarl^ In ^mtp- 
kdI agrEulluT? Ihum-^Enda e4 ciL T99frf Bu^ SEimE 
fEspo nsES ca n nmalriiin^iE Ihcss diR^uLiiES 7he 
fE^pana=s hghl^K^Ed beta camprEC Ibeapprocch 
Eommcinh^ knawn as rn^gnniEd nu^r^nl mai~ri:^jE- 
fTiEn^ |lhl^) Fns^ih/tnii naL nred:: □ re dsc^j^iEd in IHe 
nEttcbcp^Er The im p^zmerLkrtu n oi ITJ^ r^:;pons^ 
Wr^l rcqupre a HDiKBrkd nnd cammr^lEd cFfaii by 
ockir^fron-L a vcrnE^^ afsEckrni including lli= prr^a^ 
and public xeckDrx, 9ciEn1ific and pol^ oignniza- 
^n^i end rndlisbialacd and develiLpLng caUnErKS 



Integrated Nutrient Managemenl 
GoaJofflUM 

Efu^Ig I n^ b Ie agricultural picduclion incarpaiatES 
1Iee idaa \ha\ na^uicl rcscuices sbcukJ bE used 4a 
QEriEralF Inc leased culpul arxJ incantEC Espccinlly 
far kiHr-iFiconiE giaups^ wijlnui daplclinQ IHe heuI- 
iim\ i^uuicE base ^rp Fhs cdp^ihIh lf4M ntaliiti ins 
sciils as ^0 rE^Pd ^isec cE plapl nulrlEpIs ihal nrc 
rsseniaF Ear vegckpirFE gro^llr 4M^'s ganl |s b 
^nlcgia^ ifiD uxr or aO pnFuial and n^aq-n^ade 
sziu^ES of pkipl nu4ncn[s, xn \h:^\ cia^ piaduclrf rfy 



ipEJEOscG nn at^ rifEicFil cpd Epv iianmEp |a Ih 
ben^n rrianneri wiFhaul xocrrTjclpg ?ail pnxJuclpvrfii 
ct rufuae gene rci Franc INM m]i^ an ■=■ nuT^ber af 
kictapSr hnc|L>ding nppF^prta^ piiFrpeRl □ pp^tcc |iD n 

□ nd ranserfalun and |bE Irnnslnr dF knav^tiitgE 
obcu^ |NM pfdcikCEs kii lon^Eis ond leaeaFck^ais 

Plof^ Nutrient Application 

BdlancEd appllcniiiin al appfopnn^ fEHiFnErs ee □ 
ma^E ccEnpap^enl aF 4 MM FErfilczers need \a be 

□ pplcd u^ k^ lE^eh FEcpuriEEd faf op^iEnal cnsp 
grawhb based an cfop requnrErEienb and agmcliH 
EnaFir cq EisderaFionx Aj ribE santo fime, negalk^e 
CM^Efnabt^x shci4jid be mmimcEd Oveinpp1»co^u n 
cf fBiirlmars wbrle hnecpensTF^ for soniE farmers tn 
devetiped caunlrhEi rnduces nciFliEr ?u bskinFiaFly 
gpEa^rcfop n LJlr^nl uptsliE f^ar s^n iFvced nHy b^b- 
er ^relrt fSirtdhng and Broun 1??^) Ralben cweles- 
sr^E nUlricTii oppl^ahians dfe EcanQER^EDll^ ypinslE- 
ful and can damage Ibe envlraniriEnF Under- 

□ pplcn^aiiFni an ibe aiber bend i can reiafd crap 
gEnWhb and tWEr ^'fcLis ir> Fbe sbaft ^titih and 'n 
Fbe king Isrm reapanFuE sus4arnab Jrf^ hhfoLigb aiill 
ERining and Erasun Tbe wrong tipud at nuFriEnF 
opplcaluitn can be yvasFnful as v^all 'n rigndcs, 
EnsI JED^^a^ far Eicirnple Ibe applpcafioE> of pnare 
kban T^QO Cilkigniinia per becbrE a^ cbamiral Fcr- 
FiliTEE EOkEld nai prsvEnf pobati ^rop ^lElds fnum 
declining VKkIs on Fbese '^Liti decEEOsed more 
hhciE> 5G perceni 'n camparisan ^^i^b /^eld:^ an 
Fvids wbere improved ?op1 pnanngsnpenl tscb- 
niquea vvspe used and gEEen pnaniJiE was applied 
(CoE^Hyajf and Bo^bisr "|5fl[3j The cor^^clan of 
nUiEianF ieti bal:^ noes iicie> haVa □ dnz^mcfc eRec^ on 
^pbUs In kenya Fhe opplicoFian c' mlrogena U9 
lerMlzsr on nHnigEE^-poci r salt incieased moELE 
fields Fiiin A 5 k> 6.3 \ans per heclam, wbLle 



1^ 



u 



13 p p \\za Inn of lc££ □ p p ra p na^ p ho^p hn^ fDrUlc- 
«r^ nncrECK^iJ v^^ la only 4 7 lan& per hec hurc 
l^mnlhng and Brriun l9?i^) Bcksnced fcHilirciliQn 
xhauLd D^ ^ncluda ^scandniy nu4rh=nb and mitro- 
nulnenk^ balh cf which nrE aflnn most recicrpl^ 
□vdHrnblc fram fif^anc fcrhlcrf rx such cu cinrn~ra^ 

□ ndgrven manurES 

Ldsfl^j bakinEf a nccE^SDry for susftn Inob i lih 
Eiveff lima F^uev 3 sbow^tkiif ^beiLlyHtt bnuzhme 
Lincco no m CD I dhcf S fcars whan an\t N icrhlErer 
IS ofifilrcfJ Even annuist ftf Id c p p ttcn Jui ns cf MP 

□ nd KJFK Ferhlaen vnvrr rinsufhcien^ to ^utki^n 
ynlds Dver khe ting IsTm OnEy when bolh Ihrne 
nnd NnC JEtiiilbcr wbjc cipplEd cJeJ yicLds T^crpn^^c 
13 nd fdcTi remchn pmiduQ^r^e de^pi^ cci n NnkJo tJs 
Eullr^nUiin (^cena T9?5f 

CcuplsJ wMb oihar eci m plamanhiiry n^eosurca 
dTccbvf nuirhsffir and ^n'l managsman h ccin help My 
Tcctihm degmded Lihnds \cfW kLng-fcrin Ik^ n same 
COSES Hecrxy ferhlcar opplcnhnns on iriE'iileffifBly 
iJEgnEJed 9dp1 can nalonly rcplana^ nulrKfib^ bul 



con prT>dlJEE 1313111111 ? fons per heckira aF mntle 
□ nd cpbdui A fans per hecFoFE cf gnrin slrnwi v^Kkh 
long-lerm ^^lJdlES In 'jlv^q hcpve shown con 
rnciease arsenic moii^T conlenh rn hhe sail (Ar^ge 
1?^3) tipnrhment tn C^hcnc and J~3^er hai^e 
dcntci nstvEi ted \ho\ \iy pncreoMng ^he L:Dngeyr{y and 
pn>duc1rHi}^ al suiti b la og rculJu rn I tindj IheappU- 
co^un f]l ^noi^dnv and ergon hi Fcr'ilczer rcdiices 
^he need h> ELiJhrvcile uns i/^ki ir^cp b le and Fniigi^ 
mcrr^inat brrtfc t^lek 19PD) 

Nuimnt Con£#rvcrfrDnand Uptake 

^J vtncnt EDn^iVotKD n in Ihe sail □ ana^her crrlpcat 
com4>onenhof \tii^ Sorl E>:tnsefYi3lp[>n techno ttgies 
piEven^ the p^iyslroL tas oF sol1 ond niJhr>=Ti^ 
through leachhng and eniision and fall ink^ Ibree 
genf rt:i[ ca^gartes Frnl pidQJrces such as tnrnsc- 
hngi olbv crappnngj end tiw-hll forrnhng olier Jhe 
toirl phy^mal envrm rnneti J of Ihe fkcU and IhEteby 
pieVeni se^Fond nUlrienis Fn3m being norried ov^^V 
Second I mukii oppkialiDnri cover cioj?s, in^emTEip- 
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ping I jjrd bbtngpcEil nElroger? Iiioh'un nch cie ph^sl- 
cai lidPT^ra ii> yvhnd and vio^cr eiEiEEFn and S±^p 4c 
impiEive sail chamchsTElES ciikJ struchLhrB Lxp^ly 
btgtillt ^cmUm siJ^h Eta diiEfnal ond gicon 
manuics u\sa cikJ sail HDFuerHci'riii n by imprcVing 
SDil sfjxiElUT^ and rBpilcnahmg ^Kandar^ nufre-nb 
ond micm n Ll'mnf^ ^t^u mWendci c' a\ 1??^) 

Impnsved applira'pon and hsigehng aF hnor- 
gohlc ond ar^anic fEriHiEEr nal cirp^ canserves 
nuUunIt in Ihe soil^ b^Jl iTKikfls nUlntanJ LiphiiK 
ntaic cFTtcKnl A^cr^f crcps innL^ rneK^tcn^ L/se oF 
JuboQcn O^lcn leas Ikcin ^Q percent at cppled 
Jiitrag^n a faund in Ihe hnNes' cnztpi 'n a partkcU- 
kir Lo^ hn N^an anft 3C^ parcenk at cipptkcd nrlio- 
gan Fsnuihned hr> hhe hnrvc^' crop IC^^shinnson 
ond VL=k IP? I) \4d ti^tlan^cf^ alammcinmi nnlci 4he 
□inKKspherE car> dccaiJn^ For a Large ^^cm of khe 
Litaf iirin>g=r> I n ftiideit rnie fin r e^ampti vokifjlaa- 
inn Exin catjse SO ki BQ penienk oF niiiogen fa be 
lart frnm fn^Jrlner sources [Ficne^ l^^b) These 
Ldsses cnn be redirced hoyhUVer Deep pticcmenj 
of ^rklaDrs pn soil pnWklcs □ ph^col borref Iha3 
4inp5 □'nmanin The loeoF Inhiblbnor ui^ uioU 
ings iho^ ^law ^he caTrVersuT^ of Urea 4a omnicini- 
Lim cun reduce ihe nu^nenF tisa Iha^ occurs 
through leachmg^ rUnaf^ and va la Nlbo h^ii r> ^Hh 
mnovo^cns c F Ikest kirdsi be^far jimpng^ and n^afc 
iiaiKDnlia4ed Fcr'ili^eni nU^Ftenl Uptake eif^penc^ 
car> be ej pec fed }a ^mpiove by as mUch as 30 per- 
cer>^ rn ihe df^eloped vncirld onct ^D percent in 
devcLaping caun^rpc^ b^ tht ]fBar ?□?□ ^umb and 
fioanonlD TPPA|, 

Untappmd Nutrient Sounma 

J4 used oppropriaiely, Fhe recycling af organic 
Waste FnDrr> urban la ruiE][ areas La a paientiat 
largely Unhjppedi sourcB of nu4F»c-nb kir [arm and 
crap need^i eapecialF^ ar> agricUllUral tinds near 
urban cenlers Fqt e^ampJe^ eiwironmenkiElv 
L^ndeMroble VdViralcwafar has been used hii irnga^ 
f»eL:ls and return nuloenb and argons matter to 
the soil (landon 1P93J Lj^e arganrc manUre^ 
Urban WosCa s'udge a a lour^e el prrmary nu^ri- 
«nt| albniJ o ictiknief^ poor seUrce rn cam parson 
Wifh carT>mercmil ferflSizer^ 5'abihred mundpal 
Waste kludge ^p4calt^ conhmru about 3 H perue-nl 



ntlragen 2 7 percent piiospharUSi and D ^ per- 
cen \ pokzu-iUrn all ha^gh so me co ncen^njFhii ns ca n 
reach au hgh as 1Q percent niFrogen and S per- 
C0F>F pho^pbcinc en adiy We^ht bosrs ^tFA 1?Q4) 
AclUal nufFPTHil conierLtH howevern ■^anes ■^idet^ and 
depends avi the souice af Ihe y-v^^ Urban ypaste 
aiaa Kcls a number ol olher benelifa ihke other 
arganpc maTiurvsn rt helps imp rcrve sorl sfjxrclUi^ by 
adding oiganb= matter to Ihe soiE IF a also a 
source of Fhe SEcanEtary nufr^nts ond rnkjanuFn- 
ents I hat ore neceasary 'n snuill qUonhlFcs Fer 
praper plank gro^^Fh In oddihan urhon Waste 
FronsFamu mafenoh iProF ^'ouU oiharhVKe be dialed 
fnrccrstf^ deposaE rnb a UseFul torm fifoduct 

LTrhan ^^YD^e nee^ ha be Ixeo^ed carefully 
because iF mav contain heavy me^z^ki poros'tBS^ 
and ather paFFrogsn^ The biJiUup oF Keovy n^etat 
cancenln^Eians ^n the seil can be couse for cen- 
cern V^hiFe Iroce omaunts et son^e hecr^ mehnla 
pFoy a cnt^ol n^t In plaiF metibaFam, e^ce^rne 
amounts bcr^e reduced cn^p yieFds and coukd be 
dangerous fo pUfalE and gnjzlng Iwestoc L 
^onwoV and fieft^ 1??1) lb minrmcB hhe^ fe^ 
Ihe conlinuaua apptrcalrof^ of urban Wosle needs 
id be monl4ar?d hr> order la ensUr^ thai hecvy 
me^l and ovens Jt rtutr^nl ca ncentroluns de naF 
rsuch toj»c Ir^eb and do nol danupge Ihe en^^hron- 
ment Ihfough lectching and eUlrophicot^n- 

LTrhan ^asFe alsa contaim ergonc c^oln- 
paUncb suct« as dvea, inls pesJPCHites and 9iiF^ep>fs 
Ihat are ot^n found rn corT>merc4ii I OT^d indu^rnl 
siisJge These poFhegens ho^^e been shoWn te 
coiy^ geneFkc doTnogBi whhle others sLrch as hctc- 
teriOi proiozoa, and Vrruses con cause ^alnionel- 
FosD amoeb»c dv^enterv, and rnteclu^s hepaliFa 
fComyo^ and frvtty 7?9lf Un'reatsJ Urban Wo^Fe 
can puF Fhese paFhogens m cenlacl Wilh t^kJib and 
yegetabFes One aptor> c ti composF th« sludge 
Compasiing concent njles nulner^b af^d helps tn 
kri1l dEBitse-coufing ofgansmsn ^w tbe lelea^ of 
nitfogen IhaF m»ght othen^rae percaFatn inte 
g nD ^ ndvnale Ti and ehrr^lnate oesFhe'rcatf^ obfec- 
Fuztnobie odors ^Kur^honD 1?S4) Anolher ophun s 
Fa Use lonizpng radialpan to Litl polhogens hn and 
an food wiheut oHecling bste Despite sen^e pub- 
Fe concern abaUt iKeaaFnk^ af load nrTod ksFu n , Ihe 



IB 



Jechnh:|uc a IhhEly b be daDpIrd rrxiiT FuLlv |n t[vr 
fi/hr^ in cpid^r k? pio^ecl publ^ iRcilhh. wnpro^r Ihc 
£|?eK-lrl= nl Fiiciidi cfid rmliE t\ more tonbt b cipptrf 
Incfodi nu^Kti^l-i1c}i ui DQt^ WQEfe h> tirrnLDnd 

pcicd ir^ rt? h»gh vin tr co nPtn^d bul|un^n dR^tinor 
~hi=^Tr4 Tk^ri^l □ FECES I Ennhn m inc FHihn ^^ilh nu miteEiip m- 
pEdab t kDusEnold itijiSi and pqIi }x]^d^^g| ^kir- 
□g?! inDnspoiii nnd cipplcnlnn ccpsh Ho^H^cfcrn 
grvcn }[vr qtisI and Ihr kick c t avc rki b i Irly cE hnnr- 
^□nt FcrtiEliris in same nrEos Ihe rekilrve abun- 
dance aw bej^elil nf urbcLp ^iccfc qsci siiil CLpn^pd- 
p^eFilh cinH Ihc riEii^ cceI of Ep> ifci n rr^^n h^ |lv HuFr 
wcic4e drsfMHCiEi eco nETTTHkcc rrxiy nrcpl^ ufbnp \^Tislr 
an appFEPpniLhe FriiiliErr chc ce kfi areas "pnengn- 
pw|hjin| ti4icls die pccirur4?nn nen^^s 

Allrmalrve suuicec oF nnDrganc FciiilizeFS w\\\ 

□ kci be nKiktIred In Ipe Fu^uiei parhcuktrlv In iKose 
parts op Ah^a wtiepe ilic "teii Jih ^^ Fh^^cpdl pc«it tc 
be jehuill and hig^ casts ana supply cavrs^nsHnts 
t^fj Ih? cppllcalyiip af (c4-fit[zer ^h| hp^ii|lj^ ^H^r- 
Ifcularly pTiasphcrus cEefvclepcv^ in paffes af sepni— 
and W^sl ^FrEai ~tpr e^a nrp |ei Ihirir^ ciap pmndijc- 
^ion nicini lhi3Ti |]ie Fad aE nnad^re fhasphnrus 

□ ppliQaliap a^ 1 5-2Q h^^gFams pe^ hcchsre ^an 
su [niD pia lly HFTPpnih^e ciap yeUs ^AedqUTn-reaclive 
□fid parHnllK oehJ^jti led ^ t=ss-rearNve ph^spbaFe 
rack PauiicF in JV^^I. N^en aFfd Sen^cil ani as 
□gia riETmHia |l^ EffEclfve as ccn^nreFekD | ^uperp ko?- 
ppalc ferfilizEFS ^Ba liana and V^^^nve 19? ]j 
Low-cas^ 4ecppa|ag^ needs la iie cEevelnped sa 
ihoF phasphate feiiilizer can be locally pradticed 
liarp Ihece apcF alher ^phDucped or rurr^nHy 
unccanamica] ppaspltale Fach rese^-ves WJnere 
pfiaspltatc deFrctcncy k severe ip Eiub-Eiahci psn 
ArrtccLi gavrrpi^epl asslsFance nn devekiping kiw- 
EDft hchFToVpgy and m applying ppasphatE Feiiil[zer 
xh^i-ikJ be eva|^j<]Fed ffecau-se p Het^P hi=F r^rs and 
phasplx] rijs lack bincF k? Ftie cahl and Fl^eicb/ recEuce 
ih^ appaifunrly far tocpingh and because Ihene tr- 
hlners jetcne nulrp^nls sbwlf avef tmei iKeiF u^ kh 
PfesBPHE l|iE lang-lcjm piaduclrve capacrly at fh/r 
land sliauld be nansideFEd piqie af a capp|a] 



hpveslFrLcnl Ihnp ch s-ubsidv or an epi^ iFa p pn^P Feu llv 
undetTHFable gaverppi^nF I nlc4-vcnlpa n [MaV^unvc 
lfl9S,&er«rnFldflaa™nrc 1^9^, Tebph 1?9B|. 



InlvfTKif Nutrient Sounws 

Alihaugh nc-^ :;auices of ni^^rtenb can be devEln 
apedi geriElIc epgineering aK^FS ibe p-nlEnlral Par 
phupls lliETF^seFv EG ^o gcneiate some ap 4he rLuln- 
enb ihey requiFe lhp:^ugh pilragep FiPialmf^ |n Jhl^ 
pFacESSi rk^izabium barlcrKU InTecl hnvadei ap^ 
dFaw enej^ Epzhrp tgumhnaus pkpnhi apd |n jclurn 
Ipe bcKh=Fia QOFi^EFi apd sfaie ahnnasph^rlc prii?- 
gen <n 13 fE?fFTT IHehI Ibe pkipl con uce Inr gniy-~Fh 
\^ao 1V?3) Brides hclpipg Ihe ptnb Fhentsebe^, 
CEFeak gio^H^n nn laFalnn wi^p leguminaus pkipls 
can absarb |be ni^rat^ ilIlaj-J-cF FraFn IhE delaying 
F?ab aqd iiDctuIrs af Ih^ leg u pn matA pkin^ 
E^ periFnenb hcFve shawn ^ha| ^ice-legupie lakiFpaps 
eorr Fesull itt a BQ peicenl jeduclnn in chemioal 
Eeiilljier une ^F^ngcili apd F^segnspl l?V-lf 

Gcpel^ leseni^h Ikk begun 1^ ide^i^iFy Ihe 
genes lespansiblr far skrch niiragen Ihapiap apd 
assimitiMDn Further r^seafcfi aFfcis ilie appaiiu- 
n ify ci I a llcring a r devek? p ipg mic laa rgantspns I^pclF 
cap fn niliagen In na n leg uoii natjs p|anh sucp as 
CEFeals As wrth l^urriinaus pVip^i ptipl nilrag^n 
needs raukJ be pafiially me| by Ine plap| ibe|F| 
sucp Inal larPl^rs ^^chu|d |hep simph need b lap- 
up cnihps h^illi InETJgnn^ mlragen Terlilizers {Rws 
19? 3] The kis^ e cons ide^cib Ie Safvm ^7 genes 
cache the eFizyir^es ipvnIvEcE \t^ prlfE>gp^ Frya|4ati 
^ince Ih^segepESi as well as Fh^ genes nccEsuiry 
For nc?Qu]c lamKilKPni need Id be liansleriedi Ine 
piacess Is camplaii and i4e lealizalap will be casF- 
Ey FuHh^miateH becauEe Fbe amounl Dp eneFgv 
Fen u I red ki |it TSQ kirngiams aF ni^aogen per 
hechnre caukd leduce —heal yields nf 3Q-30 por- 
cenlj an apprapnale bia|an^^ needs k> be laupH 
belween |he tiijir^4il-suppl/-enbanc|ng beirelits 
at n^iiagEn Fi>alpan and Ipe paFenFial leduclpiiti in 
fields ^Greepleg anct famnglan 1?B?i Ldplan 
aFtd L^ngb^ir^ 1 ?BV p 



d Challenges and Responses at fhe Institutional Level 



Ki qitfartnl pniis of Ih? wurksh and partic^ilarlv if] 

ifir p[>u4~ Irvt will require a conceii^ ti Fieri bf □ 
FTiulMucle of ntihhra The rollov^lng scchchns iJecu:;? 
IfiD Lev CD mpc h^ttIe ai a sfrolegy Fcir buikJing 
ctppicprnlr Ivr^jh^hiip^ irivcilvH in i^^teciicIi. ck^r- 

Research 

TTie means ^ tmpnuVn n^rienl nnd 9ail trliFih 
ma ninge-n^c-nl r^vzy We^l dd-fer In Tnany pcirix cf the 
World W hdb^Br ^riofis can be^kBr> wk|4dD|Lendj nn 
^hc Fir^ insbinccj an having [adeqmJE inFc m^a^ia n 
ana WHile lange af inp^^s dealmg yvdb {^ r\v\rttH^^ 
tycit Even ihaUgh scime vnliKibl^ agr^uFIUra' 
lEsearch huts be«~i canducked in fampenn^ regtans 
jBav S\, hhe fe^^bz^ixIi In irafical regions prcsEnf^ 
oniirma^E challenges hhai vMt ceqUire ilie coaper- 
□ hcin oF ba4b nalianai and rnfarnohanal agr^ullUr- 
E][ lEscarch centra Faf ecampFci rridJch mare 



needs |a be lina^^n abavl ^pe ishi nF mcranijtncnls 
fn FTIEnnv part af As^h pvfirre rice vieUs nn iPTPgalccI 
areas appear ^o have leveled a|F despile nncreas- 
14^ ra^= af t-IFK applNzchnn fGill 1??5] [dhmibrlj^i 
ijiare needs k? be knci^Ti abak^l ^hielher caq- 
stnuinls arising TrairF a sharkiQe af mEiapuirtenh 
are aHcichng pniaiJclT^p ^n ihe potential J^ Tsh sait 
aE aieas such as hhe LloFKh:: Orenh^Fes |tt Lalin 
Anfeerion Derrving ^uch hnb>rn-|alian mav reciuire a 
reanenkihan c?l avvgamg Fescaich and Imt as 
#¥e|l c^ Fhe nprbalrap nt rescaich aqd nnoii^ring 
eFFarls sperifrcaMv nnfended 4n learn rrrci^e abckr^ 
sail rpanagemenj unde^ differeni capdilians A 
sludy iti 4he Bn^^ilcn se^hno illushat^ ilie nt/fnenh 
rria ncge nn^nl re^Tea^^h cuirenlly undervrav In 
same develaping caunlrles T^Fe h»gh alurnhpupn 
k>nki4y cF ^^erkic mhls pas Elmiled cf^p pradu^lKin 
141 ihece nFEOG EitfS^lned leseaFefi has |ed la Ihe 
aevelap nter^l af a pacbige af ^pv|s a F new plaph 
■^arteftesi CFcp roba'ransi and sanP addHNas Ihah 
call Id well Iransfarn^ tirge areas aF pre^HaiJslpi 
U npraducip^e leHaa bnds in4o o seUrce ai FniJlcns 
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Benefits of Infegroted Nutrleni Management 



BirflEiEshcKl bcAiKiEed z^tfJkiAjm of argun c oad imr- 
gim c trfJcEiF B a nxT^ cxHnpDDCHl aF \t M CtDcoJ 
iE4d eTp=riDienli of Ibe Halharru^d E^p= ripe n lal 
StiFhon m fngkind ha^ pva^piib-d a ^^callb aF iMM- 
rekrtd intinnalran qd crapi gnr^H JzoahnUcLix h^ and 
III nzlnhav una=i a s^nre^ r^ lail fcriilrty ameidnE«k 
A TiunbcraF tj^ciK un be ^rnedabiLiI appropmb 
and inkinced Fr ri^li^ckhii* fFam l^ete ckpenrienb 
CcTiimjisJa F^ cropped ^/Leai v^Hhnu^ 'fie ben^FiF oF 
argonE apcF Inni^DPC FoHilLfen, lyppcoll^ boi la^ 



yvtk. aa ifie anztroFI ? k^nc per fieckue SboH fnt- 
k>4 pDhJpiinx of ane k> lliree ^an fia^ fltlc eftcl at\ 
yekfa TbeapplEabac a^n>^p»c and inor^nc Ferric - 
en OHM ipcreLse a^rni^^ vfieal yh=^ b 6-7 k»t per 
hctrtve Wfienh yekt a^e fi gfie^F ^ -d Id» pc r fiec%:ire| 
^hen trrwFfapit maiiuie s appled, -fte<it 9 gFOr^H lu 
nnfotiiin and maFgunc ^rhlnen are used iii hip-up 
nflic^n CT-aibbilrty 

EpDunie Talbaniihcl &jKnmenki4 Sti^i^ IWlj 
IFtM^S 
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□f ^molgrohn ^bartiug and DaWVhVatl 1?Ci4| par 
AfrKD, ^l^e re5e<D»ch Q**cpt|E»¥ge e c/e" mcire 
dcmnndtng in yicvv ai ihf scyf r? c4in^cr'ic und «>il 
nondfthnns and ^b^cErver&i^ a F ^ma llhaLile-r 4a rm- 
«M. Tht rEsearch ccnduLJcd by C IMMVl (Ihe 
Initma+iDnaJ Mnizt ct^J W^oir' Im p ro-HcrFianS 
C«nbr) on sbhE feiirlri^ manogarnanh Far Ihe Fnaae 
cnupphng f/sfcfr^ af s n^oHhaidaps 'n 5aufh=rn Affcxp 
m p^EimtEing \i ^i.^^es^ ihu\ ?^«ra3 ophuru evbl 
^r lTKJBii::png ^ha civciiiDb iLi^ and tJ^ af oiQanlQ 
sziUr^es of nUirpcntj impraVlrig mace gencifypes 
4ar SBritWi^h law 4ct'iEi^, and overcDmnng mcTiiinLi- 

fTsearcfi con^pniJES aruJ need^ he he fiir^har pn>- 
moicd hhro^h T^g iQnciJ □ nd na^Dmrl cc llntafiiL^c^r^ 

Extension 

^sd cipplEnhian nia □ p p riTi p r idIe iar Ihc dr^e^sE 



cgr^ ullU nn I EnVinDnmcnis []i~id ecq no m pc ccncFr- 
hlara ^hdi Ei esI hn thiE world ifnh]iEr^ fnrmErs vn\h 
hht aid aF EM^EnsparF [^b'viees, ha\E kh be gIvEn 
occcHG 4q and chccKE IIie itkkiI opprafiriaiE and 
cast-Epfec'rvE tccbnabgpcs far 4lt=ir pddE4jtir cnr- 
cUmsfanEES FarmErs aha iTEcd ki particnpa^E 'n 
tbE [IeVeIii p mfril oF IbcsE lEchnolng'c^ and 
beccmE kfic hytcTgEci b Ie abaul mcrnaghng sqiI ^r- 
b^ik^ and capturtng IIie a p porlu n lipE^ afFErsd by 
IHew drivraE eitv rm n mEnii !h^jCEE:^u1 'KiM adop- 
Enn iiragram^ ihu& mbsf cnha niiE tirniETs' copaci- 
^ \cf [Earn and br^al: frEE fiom IKe ed nyEnhiD nirl fuL 
cf c nE-'^rtny b^hnnti^ ^lansfEr Fniini lESEaru^Er \a 
fcrrmEr [OEugd, *al^ng, and Imalrng l99~^f 

^UuiE^^LiI irjM E^^n^ran nyill alsii r^qUirE 

giEa^r Fnannbrrr^ and ^EsKng al ptint and SBdt 
Ih^anlbnng h^ill fiEpp ev^isijte Eha^ an «nvhranmEnh 
cnnd^jdr^E far ophimal ptpr^^ gra^lh and cmtp yiald 
carp bE E^hnblahed thniiLigh nulrtEnh appbcalisn 
□ nd jQil rEctamaihiin WhsFE piot^cal and ayall- 
abbE, tssfin^ fEch f>h:|Ije& such ox plan F- n u^rFEnln 
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PlonI Symptom Analysis^ Tissue Analysis^ and Soil Testing 



A varEly al tabtg pn^c^durEi art used iii drkr- 
mipc nL^lnri I o-^ailub ilpty ond ctrEhtncEX in pti«k 
aiud ^nib Th« moil cam man aB-Ffld icil tir nuhn- 
rnl dr^vncBX s ptiJi| x^n^P^^ aBaFy^lG Vwua| 
qLd^ can akrf farviEn ODd nlbtix ti nUlrKuk dtb- 
cenckCT hn pkiiik In carnponcon ^/ilb henllky ptinbi 
h MniiQt h -f^ Fic Itn i ptm4i appear ^pi«d^^i ^liunttd 
and pah furplah 9pab ar xlrrcilj and bvo^v ctcid 
xpcilr an jymjik>En9 af pha^phaiux and pakEEUot 
ckf^hnchH rr-G pcclrnc ff ric^nokjr? riptni«g r& oFtrn 
a n^B oia l>K hi T nnhc^ whEircn df loyect nptnitg 
and IncFETKerl vrcrfc r con |tn I s a* indrcchhUD oF kx? 
^pgh cpn hi f laha |i tdctivfrnd aniJ cxugkl Eart^ 
tncPL^g^l ccncclnc mncKunix con bt IdIed c^ritg 
4hf gia^'hg seoian Pa mlhyc^ Ikt ^egoli^? impich 
al^Lioh L^f^Kncw-G 

A EFop Eculd aha iuf4er jnym bmbJcD hungtr. 
a Eafldrliiiv in which a uuFrml ex dt^»tn| yth ma 
E^jnii^mx appear Foxhhar^F hssua ond^^'l ^hing, 
ar F^^Fd tKpEiTmpnFaFiQn lv|1Fi difftirnh nulrnnh 
a^ dtf^nn' on DCE■}faEK>D^x uin hehp FonnlEiN 
hhiki^4 liungtr 



Tdbuc analpsti end 'qjck' sap txfi alia hf hp 
indcatt ptinh nulnttl ^bLit rn Ik h prcictjx u 
^EuUE'^cip ^av^pi^ s kilirn 'm^m ih^ pb«i a»d 
carn|i3icd Hihk ci rthnwir Ekinckvd for roci ptiiil's 
sk^p of irtaLrt^' Far Iha fEchnhquE ia ha used effcc- 
Irvtl^ orEr a -fut area c^ftietf eoiI \yytr ^b^E ^^- 
ccBk^^i VD J dniin^^ catiJriD*^ a«ch ccip^mg and 
fcrliJEzmg IskuE^ Hctfc ki be tihiEH inb aci_cu«l 
Only IhcD COB jbt crppmipr^Dh tHiEaer appEiia4»on 
and WD\^ r?mtdri:#nn rttpr fit ka|«ii 

AlH]cug4i ri a LsL uQE^j I cLirug Ibf cmpprng 9EiDn« 
smi tclag E CI rctrjr^rEy tcr^ and i#=H]KnE^t fvFh^ 
far E'^dLmdiDg Ihc nuKvn^ iLr3»ktE>h cruibbt fa pbnb 
Dcscch on ^chI xannpicE Fr(lcc1i«g diftr^nl Ea|l ^pcT| 
g=cc]Tap^pc cavdihpoi:^ a*d prriJcFpon tafarE^ ^r 
tech purl o\ u hunncr'x fptkL t^ij mTTTficblian^ aic 
QTJib bffae kmrKT brc^iph^Bg Iht c^pnifLnirb cpjcnhF^ 
apd IvT^ uf tiiplLfCT Gfliic^alhh^ cocli Ecmpt ^hcpi^bd 
rtprEo^nl bq mart Ibo* J btchiFEi aiud tu far m^a- 
ifrrly oj llrvcrird aiTCK 

ScxJrct^ TisdaL= a»iJ ■ leban 1975, ThcHnpxon End 
TiDck 1973 Bockmantlfi 1wa. 
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Ed] CO m pa rt^c n IegI^ qeic:;? SQhlc. and ch^miEci] 
snil nnalysi^ c r^ riEcdccT 4d help fke hnirnrr Lmprour 
cn>p onpd XDll rndt^qgamep I (BdK £f Ibgrlfin^H 
rriuniti nng Fe^ppgi ond ncrlT^cnl □ p p hrcci ^ron rric- 
[?n~l>Ticnd[3ians l^icil rrFlrcF crsp ncpctc and ^^d\\ 
tiulnrni Iri-dE CQfi f pat t r^lrnshon agents Id p^lp 
"[□riTia'^ u^rF^Dpnc Ihc lln^ito^K' ns arh^hpg ncm 
harah agFoc Elp-iQ^rc nod !;:■ il cci ndilr? psi 



Porlicipatjon 



IVinchpQfKPTT E TiFiDthBr hcy hii ijia m rffcc^p^c IMM 
The hpjepschDn a I hn-ntrs rEceurcp^rs. cfilcnsHDn 
xaFviiesi na ngcpvcm pncpki I d ign^iizci ha ps It^GO^}) 
□t^d Im prfvcit? :;Bil[>r nnvolv^ iP Ihr dElribt^Mnn 
n-Mprp ^ vftnl 4d Ihr oraper evarixilKPn QniJ vvxJc^' 
d l:;E?mlnahiu n of FrmJilxinal lecTinDlEpg^cs end ifi? 
d^^^khpnTcnF nnd ndopiiiipn ol ne-— cncs fnimera 
t^coJ b pln^ ch mcrE hpnpartn nl lale in IschrHihbgy 
dcveti p me^nl Ptii~ii bfnrdersH tir exdmplci cFtcn 
^Dcus namwl^ en Hncrsa^lng i^rTds and drTca:;? 
rEschinQf Bui Farmers hcrvTi alh^r ccircrrFre ci^ 
wril In pnrtiLukirr ktrrritr? i.vanl mcdciTi vcincles 
IhuF gcnciclc h»gh yvkJ:: Far cnsps wrth P^P con- 
su me4~ flerrxipd r sc^c bubur apd jcducr cue4si a^ 



prsaix^ pkinH ^ha| rvcTH dnpughh p^h cincr dii- 

tQE^ iFpantckand ^p Knufen 1991) Mew frcEr- 
n[?tigKc shLDLdhJ nkci h^k? Ink? ancDunF Ihe dimnii- 
tf I loETd se^urLtVr apd Qlhar wak cuncrrps cF snKi|l- 
FinkUir farrritrs 

Gavernn^enl hcs cin Impcrluanl nsle ^ p\^ ^n 
pn^mchng palhCKS thai ocn^nbulr hh susia I na^^ 
rrttlrlepl and sanl Icrl'lMy ma nage^r^^Fi I Thhs lale 
ifivD PHEE camm rtting fccaur^e^^ nchapnl lesccijch 
ond cjc4cmHiin piognsms and ciea^ng an cnyipun- 
rpenF C0 nducr^e k? Ihe odapFnin aE Euati inc b le c qd 
y tckd-hpipja^ ing ^Dchpatg^^ Ip rF^I Ip^ gci^e^n- 
rncpKB p^le will canhnve b change hem ar\c a| 
suivivlyhpg end a[s|nbul^Jig chcvn^ceE FciiiNErr? |n 
en^ al regulalif^g Ihr nK>r|sF for pk^nh apd nut>>- 
eql^r belh aiganrc and ^napgnnc Tpe pa|^ rrtri- 
leniTicnl naEdad Fdt Ipe dev^lap ntttn I cT efftc^nh 
marh^ls wi|l irn^LdFrc Hnves^rTienl irp hori^parl and 
CD nn m un»cahD n ^nFp^^iruElLJje Oiily when remafe 
□ feas OFE ujffiE^nlty cDnficcled b rriark^ls can 
kirmers have occr^ h? ih^ ctiIidhI Ltiptrband tech- 
natagy necessary Ear euginenling af^d sushnivTing 
praduclinn and Fwrfe Fh^ abih|ty 4a :;e|l Mie^r gcadq 
end memoes In Ihc mecinNme Fcss-de^ eia ped 
F^^rans sh[?u4d besupperied Femparenly -v|lh pn^- 
gFam? Ihal hdp hj conserve and nKepihslae nv|>>- 
eqF Fecer^^nnd ^usjann xail feiirllh 



7. Conclusions and Recommendations 



iTKiny EcrTKilsoic nol r^ng Qs c^ulch^ c^s Ihey dkJ 
during ihr l96QEQnd ]?7ns F^rt qT Ihc cxpbfn- 
hon [nr sucli □ dccE^ni^ \n ywU giizp^l^i \^ |4^c rp^- 
manciQf men I of nk^lmnh cind sail ferlilily Folurc 
^IicFe^Iee wi|I pnye hn fecTic^l ^p^ pcii=ir rrinnuge- 
mcnl K^ uidsr b cieat ^nrrgte^ -^|lh cllier yteV:^ 
ipcrcdsin^ ^Dch potig PCS tacreling foDd supplt^ b 
mcfll piDKctcd drvncnd ty ID 2D -v|ll jequif? ^ub- 
xiopici] InciecKcs in y»ekli in AfrHzon LaFln AnreriDH 
ana A^ta The infegnslod management ol iiulr^nls 
and sell tiiililyi nbpg wrth oc pti noa us loch nErtg^- 
ccLl chnng^i fnrfnn partirhpaliapr Frchnoti^ 
Ip^nslen ciikI u vendue rve pulley rnyipz^nmenti nr^ 
liC^ compaptpb rc?J~ Q^ti |n |ng IhEce incrEos^ 

5s king as agnct^llur^ icrrinins u soil-based 
ipduslrpr Ihflre is pc wav ^h^i^ fequi^ed y^ld 
ipcrccs^ oE Fpt p-|E]|Dr cpitpi ca n tt atkuncd wilh- 
Dul ensufipg Ihcil pktpls Fio^r an adcqucile apd 
bob need st^ppl^ at nu^n^nls The apprapricile 
rti^V ifB nmtti^l musl ep.El khr nijlrenls b beociikibfe 
In □ paiicular rns p ip iFir F^h^ Famii m ^h^ conech 
cibsa|u4e apd ie|oif>e omcunbi and a I ilie nghh 
time fur FigE] yc Ids h> be r^a^rzEd ^ Ih^ slHii and 

Ip II^EE regard il ~^ nn-ppDiianl Ipal ga^emmenls 
epEotfFage iinciFy^fT aF "riuln=p1 cycb^' kh have a 
better bosc Fd r ddenr^ipppQ Ihc fp^ a| pbpi nulri- 
rtpf^ ip and ejuI af soit. GavernrriBnfcE shau|d 
eskiblEh adeqLC^ iesjfng and rrtonrbnng sysjepn^ 
Id gailier dahn an Ihe rpkrlnenl cycle citkI pulilenh 
bciliiniies ip jeofes^nh^lr^ e areo-E 1lira ijgha kri Ihe^r 
rural eiiT>nam4cs Furl hen govern menb shauld 
suppori nnmruh b r de^eln p |ng maderri vancFes 
and appTT>pfTolE ■nipg'olzd nulnenl syslcnis F^if 
hor^ rliiTpitic env wn nmtnt i sur;h ap (ha^ Hi 5"b- 



5ahi=iP3n AFrna Ife^fuicEi slnukJ aba be ptnFrLal- 
ed an blologkat nr|iogen-rn.alion oe a [ohi^-casi 
"organic'^ approach ki hpcjeas|ng nr|iagcp crvahl- 
abilihf and argapic mallc4~ canlenl in soiL^ 
^averppi^nl apd ejlens|on ^^^iveeg h^^ll inrlxilty 
need lo sFlmuhnle Ihe ado pin n at fiiNogep-fiihlng 
spBi^e^and hpniacuksnb b/ farmeFS 

Tlpe ofiplhcaira n aE hnrgetedi 7ufFrctani| and 
baloriced a vap|i1ie:i o| inorgapK |ejiil<zej-s w\\\ 
be necessary |h Fn^t^ nu^nenk crvaikiblE For 
higFr yclds ^rlnETiJl po|lkrl|ng Ihe eT^v hP=i P Picnl 
GovernfT^eirls ::}iould take Ihe pece^coiy steps ^o 
Foe I Ilia |e ihe widespFead aFKf respchns|ble use at 
chfl4Ti4ca] hiiiloers fi.f Ipe :;afTte NFirei e^epy eFfaii 
qhauld be n^ade k? hpnpw^c ihr availobili^ and 
uce ot secapdary pulr^pf^ arid nilcFanulncpbi 
aigank FerhlneFS ond 4? ll-cuFiseTyaliJ n firac^E^ 
Farmcfs will peed govern nit n' asslsfance >d eshnh- 
Ihsli a^ en-v in] nn'ie pi hn 4Mli*=n IpE^ wi|| be ab t ^o 
chaase Ihe apppitpFKile tectina kig|e= Far 4heir par- 
Ipct^kir cite untcfcinces 

Ai pFinenl. Ipe env hpii p pn^Trki I drawbaclc? a I 
heavy fertilneF trse ape copfined lo some devel- 
oped ca unifies and a \kw regions \^ developlr^ 
cout^lrtec A p p pn p nQfe arKF resp-nnclbt applica- 
lion of Fejihlaers vvhll help 4o ni^^ilnkihp fields and 
nunlmiLC polFulron Qy eapiiasti Fevel^ of Ferli|ETM~ 
uce in mosl develop rpg caunlncc at^ so Jow InQl 
IheFe n IrMle lihelilnod of piEnpr env lionme p hj | 
prablems fioni Fpeir applicalEp In facli grealcr 
appli^oiiap aF arganic and Irioigaplc hiHilETtnr \^ 
Ihese areas ^ouka bepctrf Ihe Dnvlioqi^enl arKi 
inc reooe y teUs, 

^pBiial eKcirfs are needed lo oveicop^e |he 
serrovs prablenf^ aF m|nhng ^ails hn manv parb or 
Afrco, The angi=MPg fequclian aF plani i^ulfiDntB 
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a^zTf tf^c^t lead iii hrroVanlblc dcgnndnirao und aoA 
iniciiilily unFe^s s^p^ ur? k^k^v^ 4g hmpicy^ ?or1 
fTi[]iKig«ffT>enl Thcsf s^p& include (If widcz^pfcoiJ 
sell feeling I (2f cb^r caQpe^nEpon and ocoidrna- 
4i3n bahFVEcn farmers and r^^nnr^hen b ejchcrnge 
infiiM-rTKFlTci r> and dE^enrlnaJ? Icchnci biig^cs ibcpi 
laliE inhii i3CCDunh rmin=dEi^ Former suNrvnl needs 
obng yvdh ti nger-ierm soil ^ftilfty cind ngrpculFuini 
xUskirincil] iItIv rEquiFemen^H {3] eniici u ro^meril oF 
e^jensn^n services ciikJ M&Os Id pay dttenhon li> 
soiL-ieEnked esucsj |Jf piomDEpon oF irrore produc- 
4r^e Lee af ar^cinic nU^nantn nnd 1^) piomalpon oF 
VngeialfVn-LDver melbods fn ccnserve sod moc- 
iurr cind nvkie-nb 

TFie dffFcLill^ nrEing ^m pciQr mc rKigeiTiend 
□f ptirTt nubpcnt end ^ail FcH^lrty nr^ icksled miirst- 
Fpi 4[> eiW LTCinnienkil probtms^ deeJinIng yiekdi and 
LiJ^ELisk] hnn b te ngrlculhure The pnor^ priiTuiril|^ 



stv^ceIIIic] Uer Farmers rn deveEoping coUnlrhei pay 
tFie consequences in ferms cF reduced {dchJ s^cun- 
Vy Tfie chdlEenges ore enarmaus ond iFre i^pcins- 
«s UFe con-ip lev 

Successful ln}egfTjC»J nu^rh=nl and i^a^l ^rfcilil^ 
monngemenF depend:: qti □ conreried ef^rt by □ 
nrultrtude olotktrs ^rmdliDr ccimpleh'i^ will chcroc- 
tercEe khe lE^ponse aF researc3~i and echcnsHun 
c Fgn nizaUiins and Ibe buitFing af inslrh/thn ns 4Ficih 
stre^ hbe partic ipalni n dF Tn~rCEMhhiitler fnrmersr tlie 
p rr^dle aeckif iFre pUbLc ^;ectir, and KJOOs 

Success wEI ultima lely depend on Erow well 
Fbese camples acUiinsand soc »occaT?D rri4c Ecicfan 
can mcivase cniip ynelds In a s lJsKhI fto b le mcin- 
ner DT^d 'mpra^a ihe food secdfty of FnhMdins of 
smallbolder fn'FneF^ cbrrenlEy s'ruggUng Wrfb 
decFinang soil 4er)p]ft^ cind paor monagen^enl of 
ptinJ nutrtenls 
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Cd nclLsn rrc and Recn mmerxi^iia n:: at ihe IFPF^^^T^^O 
V^uj-kxpo p ar\ Pkinl \ lulrrlcin A^npngcmcn^ fuod 
Secunlyi ond Suskiinnbilc AgriQul|ui^ live ^i^lur? 
^ WZO.Mciy 16-17. 199S, VitEriiD. Itily* 

Conclusions 

1 Thcr^ wM h^v^ k> br d yrry ^ubshnnhul inc^misr 
In Ihc u^ ^?\ TTibnejcil Ecdplcz^r^ b mcd Ih^ Food 
pe^s uf hunKZLp popuhnttoTs by ^h^ yEor ^2Qj 
cspccldl^ Lf^ hh? drvekiphng iiiihtfn I pes ^ even 
Ibougfi urgcLpt «]ut^c= Qon cipd shi^ukd pnEnk^ 
□ Idigrr confribij^Dn Id Eupply pbhni r>iilr^T|lt, 

3 1 Tticic a □ tiEK cE pfTariized nnrl Elpsfeglr 
p ro b lepn-sc b ing ogriEt^Hun^F rvscciicFi Ihul c 
r^V^^Ed ^o ptani nufrrlpon mci nofforiEnF apd ih? 
|iE0 rpzHic Nqii of rnhptidl and diqcfi^ soui^es 
of pbni ptrhmnb ipb IHe :;oi|. 

^ Tpr^c |s c nc?d [nr pc H^l pn Ie> ry and {□rfv^Er- 
□dnp^Ed ap pimiEh^ k> bc;Fi>Xibg^ devEtiprpcn^ 

H, Tpcic c □ TiLi_J ki cmpnoGizc kp dopot^ and 
nahnpEil gciy«mrTiEn4s thai nn piete^ develnpHng- 
ccunlry srhicilijnGj nt^ntiun ki fhc fLriuicoF |lieii~ 
□gocul^urra] ccck>rs rs ct patamoup^ iT^por— 
tin^Ci Including mccnpccancitTic consrdcnDlnns 
□i^d oilier icbFrd TEclnia] pci|tc|EC affrchng 
hnnnparfapd cnnigy 

ilyr Friiihzer pmi^arE IiIeI^ b ipErcdiie afbr iFi« 
vcar 3000 ■ cspcc4ii% iFiiroe oF pbcsphat^ 



Fcrfihlirr ucc ip 5ub -SnhaFn n Arrioc rs h>D Iqw 
^pile hp xn me kicD I xilijo 1x3 ns ipc rented necv- 
clirci of OFganE mnfErrals s po^ible and dcsTr- 
oblc^ in^FEOT^ed l=riil[zef utk e ^Kcnlnl k? b^cck 
cul cf Iha Ecpxlnsipl cf Iqw bnma^ pn>diJchpQn 
ki 4liE Jcgian A llhci l^ h Pb nriErs c Ftcn apprccc t 
}hc md tar FciiilEzcr inpi/tsi Ihrs n ml yrh ipuFis- 
kibd inh> an cPdc^e demand DEcausc cE h^Fi 
pnce^i iHEB^uj^ supplicE, and in sonfec cns^ 
bcQcusE larmEn hcrvE c p^gli nvEFXKPn b l4?e 
rEkx DaH7CE]4Ed wilp FcxkJ prTHduclDn m nKTrgipal 
eg roc li rxiIpc end sec lOEcanam tc ce pd iI^dtie, 
Fcrtdcf r p rE^ ai IfvE fa rpn gale nie c ba eae^oekic- 
Fy KqF] beiausE al lh|n fmrF^^i tick cF dap-f^hc 
prDducNan caparilyi pccrly dEvrEapEd InpF^- 
£tj-uc|wrvi nnd ipalfkenl piadLcltun ^s^nnv^r 

TliE noFpan cF dEclhriing rFtc^Ency al FEiiil[zer use 
\n Axn |5 DvcHy ^ip-|p3rx|ic f^j-!;nb[E rEcscirs hw 
oppaicnl d iniin r^pEd rElums Fnsrri hncreascd 
FErliliir r of]pl|ca|iaps In Ihh:: legicn inrlt/dE 
{h) TPCiie FEii|F[zers o\e DEing usBui an kipds -vrlFi 
pcarcr «hht cr upcerlcihn iMslsr 04jpplu, 4i|f 4he 
hncfcaced |nlE4t^itv dF cnippipgi «pecd|y 
cFicing^ In ^nsp cequcf^iiesi n^cikcE EurrEpI 
mnno^nienl pmrhc^n in^Fijdif^g Inrtirizer ud^i 
lect bIIecIIvEj 4^1 i] Iheie ex cin Imbakipce in Ihe 
supply af Mh F'r apd K| vfi|h cipplEaiiDns of 4he 
kil^r ^WQ ni^riepb C7fl=n bc^ng ba lawi 4rv] dE^i- 
C4ETK4E3 af SEcandory nuirenb and pn c P=i n i^ln- 
cnk] aie beginning kh cppcafi |vf ^pcfc Is ar\ 
OEfall dECFCc-oe cpf sail ar^aplc rnollEr apd op 
incTozic pp :;ah1 deg nidation in grnEpsI, and bl 
■ndvETse eFEecIi Fr^Ti pE^ls npd dccascx atv 
incToiELn^ ip iFie lEgpap 



^Iniarf ittmnlDTi art iho 'rvcrisbapj eb WeILes ^tovoflahap pnficn iheoBcFFeti cr^ cr^aibbic pti GwkBi Gdie4K and 
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V There t£ □ Fu^urE simlcgc picble-m ai prfKUn- 
menh of roW moterinli feu P cp»^iJ K ferlrlfZEm 
Especnlt^ in A::c9, ar^d oF Ihf pr^'ng ol nuFunnl 
goa ^r laccil N-brti'bar pmduclKin compciiEd 

? f nv ira nnrenhsh f c rK^iderof hn ns ^uich as pallu^pon 
□nd degiiidnliiiri al nahjinh ics^zauni^j arc impor- 
k>i>h bul need ncl nccc^uinlv nnVahve cdsIL^ 
Irdde-cifh bebFveen etr^ iio nmcfitii and cigrcul- 
tiJnrl p nxJuchni n corcerns Errv iF04~iiTtenkil pnon- 
Ipcs wiII diHer beKveen CQunln^ ard i^gnns 
Agnc uJhiJTiiil inlensff Entin r> can te s^jskjinob t^ 
pmvidaii thai Fhe-fc sef^eclrh'e iiKinngemenJ oF 
□H pbnk nlj1rh=ntx 



A4 E ncD L^ njgeme n4 shduFd ke g^eh ia FAO Ib 
develop fkfrhher \n c iiFZij^enii I iqh wHIi nil Fcle- 
Yanl Qf^a n [TciFu ns □ C [>de-of-Ca nd^j^4 an )be 
ef^clr^e ancJ etr^ ire nn^e^'c 1^ saund mnnnge- 
menl aF ptur^ nub-^nt^ ^r d use m^natin r> ah 
bclh inFermiitQnat and naFpn naF L^-eb 

B Imprave da^nbcr^e rcsearnh, crrarvhir'n^r end 
e^ienrDn af effecf t-e ptini rii fnen^ Turnapefrrent 



I T F^ddpakiiy ^nra cf cts^n . testing^ dnd ^denn 
sen f]^ impfoyect ptinh nulrteni mi3i~ra^emanh 
shn^kegtes Ihcil buiLd L>pnn loco I pr^dujrans end 
sockil c rganaaJiD n^H rnclLKJing ^nuined faimar 
g ns LJpaj sho uU be promo fed 



1Q l~lon^i:ivel~n menl oncE prWoie xe^hur InVohe- 
n^e-n< & e^tenlHul Far Ihe eFFecirne rhmutalon oF 
IliB L/se oF plaul nkjJriEn^ inpUhi Wilh appropn- 
aie fnonih=irlng by goVemmenis of efFecliye^ 
ec^uihublej ond poltufia n-Eice dclrib Lilian of 



Recomm en dot! ons 

A P^ano^e effecii Lc one? ennn rofwrejn^aNjr jounc? 

AT The babunced and efliccnh use of plor^t nUtFi- 
enlt FniiiT^ bolh oi^ar^lc ond morgan^ aaUTces^ 
□J [he form and co mm Unify laveis a^uld be 
cni|] koALTed hhe ^se of ticoE seUrces oF 
orgonfc mailer ond o'Ker acik| omendment 
should be promoted ond ^liccessFui cases oF 
infegnjlccl ptini niflfcnl marK3g=m=nl shciuid 
lie analfredi decumen^ed, and cGesem inc fed 

A£ IjiTiovaip^e appmiachea in sUpporh and pro- 
4Tin4e nnKegnjied pkinh nutrient maio^emeTiJ 
should he purstJ^ 

A3 Tha [Qinl UlJ Inher-Agencv and F^HJirer 
IndtE^ry Working {I^nsLJii on J^rFihrev^ sheutl 
be i^vrbFEEedj and ^f~iould henceFerwonJ gr^e 
af4enEloii \o 4he whde' fopc of Floret jJufFteni 
Manc^ement 



B^ A nelMDrk of benchniDrLi sit^ on npre^nti- 
tive Formers' Frekds in iTia|ar farn-Llng s^steiiK 
shauti bede^ela4>ed fo monilur f fre ^;4cicl:s a nd 
esteem tty Ihe fb i^s of pkurl nutnenit 

B3 A ca m p re bensfve daki base needs fa he 
devetiped 4a r at1 minenrl and arganK 
sounies of nUlnenhi including llieir ometJnli 
CO n^posi i ion , pnscessing iecbniqUes; fheir 
ecanemc vatuei and 4heir o^o ikiliiErly. 

B-1 The tmpacf of micnih- a^d jnacfo-Eco nn mpc 

poikc^ on planf nvlr^nl monogemenl sheuti 
be 0i^atuatd 

C Support complementary rv^eofures fo foWe^ 
cojfip recjHcfe 4/rtiai Wncfe secure fond Penure^ 
a nd I mzreofe p^ocf^rcfion capoo iy 

C1 Ways and inccins shouFd be ^aUghl }a kiwer 
the price of rier^iloerz: a\ hirmgole and te 
reduce fhe farmeis' perceplun of the rE^k in 
the U:;e of feiiilcten \if \\) in^e^iing in dcfrrfiu- 
Eion inFiaslrUclitrer |4p) reoea re bring innovolk^e 
Wo^s fo share j-bIls and to praycde finaniiei i^i^ 
enQounjgmg subregnnal caa penntnf^ far 
CO LintrY - Fe^e i Ferfiiizer pmiductun hsQ^iih^s 
and/or 11 roc U re menf , and \r^) improving dcD- 
logue be^^veen difleieni ^^e-cfoTTS and agencies 
to arrrne ai a comnKin appnsach fa improved 
ptini nutn'nn 
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C j] Improvf mcnj of ?«cljri}y of ^cce^s ia [and a 
ess^nJnlfnr th? rntnc^Eci I hn n clferEilu^r U^ 
□ nd khc ^u£ce±^ul picmolron f]^ InlEgrniEcE 
ptrn^ nuFr^nl mn nnQcmenh tji^tBrns 

C3 Tha rvc^crrng bf ^d I9ut] n Kfrca argbhpc UhhdH 
■fvtki^ inb ih« voider pon-urban i3grcullurcil sec- 
tor shauld bfl piamDkd cDnscdrr^nQ Ihal such 



SQ trr brgeh^ un^pped sjUicd ciI pkinf Jiuir^H^fcE 

CA IrryeilnTenl |tt pToducNon cnpncnlf [nw irrinEr- 
cl and oigapk Fcj-filnm shchukJ be hpEieuscd 
□ nd faci|i4aiing iTie p mc ui emti n ^ ^E mw 
malerKals cirid cpcfgu Inr Ihair pnsc^ishnQ 
cnhnpced 
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&ernerond A U MathViinye Mra^allaneau9 
FcrEi^Lzar LhudiES K4a 1 1 l_aTne tnfernahpanal 
Fe^lcBT D^ot pine^t Center, Afita. 

h^u4erlH E W 199£ Flanl ndlrlenl balances In 
Ibe Asmi and hicihc Hegtan Fccti and can- 
scc^klences far agnculFunjI pimJucFpan In 

Ap prap r I iirte tyre a^ fcr^Uzc^s ■ n A^la o^d 
rhe^d^ced 5 Ahmed Taipei Faad and 
FerhlizBT Trchnaingy Center 

f^WZ I^Jalional Resarch Caumift l9B9 

AJfer^Ki^L-c agrculFure Woshingk^ni OC 
^4ohiinak Academy Tiek^ 

1993 SoiJ and Water qUoF-^ Ah 

o^endo far ugrtcisthwc Washin^kin^ [3C 
K4oEk>fk]I Acadami' Pi^sE. 

OECD hDi^anba^^n ^ r &a na m Ic Coa pdcln^t^ n 
ond DeVelapmanhJ 19^3 Agn^^jfruraf paJl- 
oefj ^narleb a^vJ ^de ^^a^Janr^ orpd out 
Jbok 1VV7 ftim 
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da^rawy Tn IIPJC ff-AnnuaJ depart ?Pfl?-Tfl?i 
Wagenlngen Ihc r-JalherFDnds I niemDiPB ncil 
b^E RcFnFEncf and InlormalKin Ccn^E 

DidEman, L A . Ft T A MotlicJHng. anA W G 
Bambisak. 1P?2 "^ark^ fnup o^ fht sfohs^ of 
/^man-Induced fa' J degradir^DrE An f iplirna- 
kq-^ruJe, 3ded Wcs^nin^n, lK= ^ Jelhcb rxk- 
Infarnnlunol Sail RffBrBncc cind Inforn-ici ^Hitn 
ConhcQ 

fct^^^^O & Khu^h, and K. C^ Cosnun 1??4 
^□luhurp cf 4he nnW plnn^ Klealype k>4~ 
incrca^KJ ^pctl pafanlmL Fn 3real ng ^he >Te^ 
borne^ i"rDt«e<y- npi ol o WDrtihiip qi rce- 
yefji? pdtenFiol 'IT ^civi3U4~ci^Je eir^l rjzhnmcfib ^ 
cd K_ G Ccz^EfTKin Manlti 4n4cTnn^dina9 Rkce 

Fhngnh, P L ond M W HD=g^TJ^^ 19^4 
Canff ciifi nfl ^hc e-n^'rn nmenrciJ cansa^encea 
oF f he Green ffe> D^ hc^ rrA^cr ffTD D^umiin 
Ft>p«r^J[>3 WnL^h^ngbn, CK: IFPKJ. 

ttao^ ^1. 5 h 19?3 SaFedilizcn ■n<TgrTii4^^rLrrr nnd 
^areih~^H JnJ ed PJeVr YcrL In^f rnaEiariQ^ 
kvnce Publchcn 

Iblinhfcs, C , B HQi^trljorl, and A Wn^era-Doyer 
I"??! Fjjfmlnp ^ar ^J^t 'i/h^rc An '^frat^nfian 
ia \aW-cti}Krna\-i frptyf ond T4/f^inc3b^ iJ^J-ici/r- 
kjrfe. LoncTDn Mdcmllao Fr^ss Ud 

RDsegro'^f.M W 1??7 Water meurca In ^Jie 
^ivcinJy_R r^^ ceniiJr}r Chnifsn^^ ond iTip^cn^om 
^[3~jnnfDrL Fiicid ^^r^ullvTEr and 'he Env im nmeni 
□Ecuxxlan Pipper ?Q ^cu^nngkin, DC 
IrL^mDhn not Focd V^lcy 'es^ifch Fn£4>4ij4e 

1b>»ginnlH M- Wj ohd t L F^FiQali 19?4 ft>3ic^ 
□nd ^chnDl[>gv hir rce pfixJirc'rv r^ gnitwib in 
A^pn jbu^rpol at fnFe^naAfiocTJ DEVBb|:>'nefi^ 6 (^|, 

Hosegiont M W. and ^ ^a^^fcen 1fl^3 Asnn 
facid produc'din no hhe 1990s 'rrignhnn 
ir>VD7tmanf and monEigemsnl policy Fam^ 

inn4, M W , M Agiicc |lj- Sam b itla and N D 
Fb-Ei 1??5 <^fcb[zr f[>od praiec^cns to J£IJ]fl 
fjnp n ca l^oni Fj^t iriyei^ef^F Fc-Ddj Agrt^LiHure 



V^b±ahing4[>n^ DC . IfFftL 

AaHumsfcd E^pcHmenJal ShJwn 1991 Gijrde fa 
Fhe clc393icof ^'dd eiprri^rrenh HorpEndeni 
LI,K-- AFflC InsMuleclAmbieCrop&FbsTanih 

SdvenQi ^ K. 1995 Indc Ccnslrcimt and appar- 
kinilpcs hyw FaHplczBr L/9^ ^ro-chcfviicnb ^ict^s 
loOHeF la ^rJo 2f 

Sclierr, S J , nnd L Vcidc]^ 109£ Lund degindn- 
Fwn in ffvi do^sloping v^rld IrnjiLcn^on^ kir 
Fcod, ngr^iillUre and \hc enyironvnenl Iq 
SaSO Fnod , Agnc U ff Ufbh a*^ ^^ EtwimnniBnh 
DECiJsshiin hi par 14 Wcisblng^on E^ 
Fjikirnoliona I Fbcul Fbtty Fle^Kircb InshliJfa 

SfltliDn, Cr S ovid O F MeeFLi 1 ?94 O-gohK 
fnahfar mci nngBn^enl in reloihon to crop pra- 
diicJEin in str^asBiE rolnFeJ F^^rrts In J^r^^rd 
ecDE^ImiT ond s utAhi rrabfe crgrrcu/hj rc-j ed Th 
M Virrrionii J C kokfal, H Ei^-vniiii n i and J F 
AbioL \\a^ DeJhn OvPbid Unn^fs^y r-cuand 
EflH FublshinQ 

SmaEing, E M. A 7993 SziM nuUeni depf pot> m 
Sub-Sz] fiiiTn n Afri=ci In The nn^ oF pJc nr ni^^r^nti 
iar TiJi^ nc3^^ Tj^ocf ^rap prndu^nn ■ n ii/h- 
Jo/rarcrn A/^-cd td H Wan PtLtler ond W H 
Prims ledsctie-^nn, lhB^^|llerla^d9 VlCf' 

Smoling, E M A. , and A. E. EicLih 199[& Sciil l=r- 
lllEiv nHECMC^^ in Sub-Snharcin AfrEQ Neiiv 
diiTTensEUi r\a^ challaF^c^ Commi/HcailciJ-tE 
■ n So-I ^cienreo^ P^o^ ^^^olyn^ 37 ^Nos 3 
end 4) 

Sbor^ogct, J J , and E ^^ E. Snuiting 199D. 
Aifccjmef^^ a^ soiF ru/^en^ d^Fe^cuT ■ n svh- 
Suha^an j^Fri^o ITepaH 3Q flumes T— 1, 
Wopeningen, The rJolhe^tinds Tht ^innnd 
Sfarvig CcniFB. 

Staar^agct, J J , E. M A Smnnn^, dhd IT H 
Jcnsstn T993 Cnlculniing 9111I ni^Frunl bal- 
ances in Africa a\ drlFercnF acnln Fcj-^fize^ 
Addeniri. Ho JS 327 -3dS 

Tandon, H L 1 199-2 ferMuerf Dr^orrc 
mcrnurea recyclcihJe woTfaf and t^n^a^^lTen 
Ccmrpariendc e^ i^n^r^fcFed pianf n^j'n ^Cl4^ 
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hriW tJblhi' FbrlllOcK EIcVeIb p me n4 aw^ 
Cc nsuHcphnn Oiga mzcphn n 

Tdrvicn, H L 5 1?9fl U^ of Evbrj^l Inpiub ahcJ 
4he stdfa cFaR^K-ncy cF plani nulrcnl supples 
in 'rr»gip|rd crEi4]4]lng ^^lerria rn UShsr rmdcshr 

5 hap on ra I f^r^H^yj p'on^ ntjir'eif rnoiTa^r*- 
fvirn^j and Jizcicii 'xdJd If cfprici/f hj re Thf Fuhjrc- 
^rough 2O20 cd P C^rLihn, P G<>le^Ji, and 
ft. M hiy ^dxhingfon, DC arrd Riime 
In^crT^dtio no' Erjod Riilir^ HAScorch Inshiufc 
□nd FT>nct and AgrEulhuiE O r^antzQlicin af 4he 

TebahiJ F 1?P5 Fbosp ha^ m^ k cu o sa^l □ mend- 
mcnh. W4^D xhaUkJ bear lb&i^a^1V \n JJke af 
[ihaaphotc rDc4 for tUi h^i oubre ij^i ii4^Jhire in 
Wcaii^^ra.ed H t^efnerard A U fv^twuv^ 
^BCc^tpTicDLis F^Hi'lTcr L^ud pc£ rja 11 Lame 
In^erT^aha nal Fvri^Liref DcValcipmeni Cenbr^ 
Afn 



Thamp^on, L M.^aivJ PK Trash 1?73 faib and 
^aiJferFhr>^ 3rded ^iaV^ VbrL ^^e&nnw-Hi^l 

Tsdatn S L.and W L ^^ebcn T?75 f^.J ^erl^l^ry 
und Ferfrrijerji 7rd ed ^Ibw VbrL Ih^acinrJkin 

USDA (LTnjIed Siab DcFiarhfTwnf at Ag re U Ukrrrl 
1^59 T^jecand SCr^ appraijaJ Saif *ntef 
und reJcz'rd rc±saiyrce a^n nan-f-EcTeraJ Jund In 
^^ LJniJcd S^[tJe7- draz^lja-^ o^ carrdifionf und 
irendf V^sh mg bn, CHI USUA 



Vtk^LC; 1?^3 &trTjh=giE£ br^Listilnl-^agn- 
cullura In ^Lib-Sohanjn ^fr^co Tha farhltzar 
^chnoLigy QAiie In %c MnD-laQTcs far fiJiFain- 
ah^ agrTEUJ'Ure In the fnnp'oi i cd J R^gJund 
and R. kiz Mod^n, Wee, U5A. Anwrican 
5dc eI^ af AgnianD niy. 

^oamar P L . A. M[]rt>n, A Albmihri, G V ^ 

Paack, andH W Scha rpa-iaea I 1?V4 The 
rmikarkinca ord Fna nagamani af soil organic 
rrusHsr nn ^ha ^roptca In The- blaJagi^ar mon- 
agerv^en^ a^ IroplcaF saM FaJ~|iJlFyi ed ? L 
^Qo-ver and M J 5wlfl Ch4iih«brH U.K-- 
^■[eV-Sayce 

^arU Bank 1?B? ^ub- Gahal-an /Fnca, ^rom 
Ez^fels la 3U9 Ndi rrobJe grahyJ^ ■^osKlr^bni DC. 

19? J Adju j4meti+ I fi Afrca rfe/arms 



rcfccrfh- ond ^e laad aJircrd ItvM S^rk. 
Dv'a rd UnrVnnKy Pfess 

l??fi ^JcpfcUrnE reaouica dag^^da^PD^ in 



Sub-Laharan Afrca P.es1a ra thii r> al sail ferhk- 
t^ A Cancap^ i^par isnd Aolian Flan 
WosklT^han, DC h^lmco 

^FJ IWarld f^csLurcea IndHvte). UUEF [Uniled 
l4Dlp[>ns En*^ Ira n manl PiEKgramine) , and 

{UllDP) United ^Ja4un^ Da^alapmanl 
Pragnmma 1?93 Wof fd Fcrau^cea Ifl93-?JL 
A guide ia ^ioha^ erp^i4~a4lmen^ %WcrJ~d sUi- 
taincrbJc de^ eJaprvier^f KleW Tarl. Oufard 



J^Pcr Gruhn i^ a TesvniFch ana^sl and Fmno^ca C?atHl cp seniiir leGonixh [elhiiv/ hn Ihc Viorkeb at^d 

^IrucFuiaf ?|ikJcc Drv[sK>n ai |PPFI ^^a n hug ue VudeJmon c a sen^r hlk?^ al I he Wo^ld ^^Mlvfc Pund 
at^d cliairrrLCLn a( Ihr baara trrientus a I Ike f^pt^laipan Tle^rtnc^ Bureau, 



